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PREFACE TO THE AMERICAN EDITION. 



As a teacher of organic chemistry, I have felt the want of a 
small book on the subject. There is no lack of dictionaries 
and encyclopaedic works on organic chemistry, but they are 
too large for use in a college course. The few shorter English 
text-books are not, so far as my experience goes, well suited 
for teaching. 

The following work, which has met with remarkable success 
in Germany, and which the author. Prof. Pinner, has kindly 
given me permission to translate, is founded on the system 
of teaching developed by the distinguished chemist Prof. 
A. W. Hofmann, of Berlin, and in some cases follows his 
lectures quite closely. 

The intention has been to make this book not a dictionary 
of compounds, or a work, of reference for an investigator, but 
a text'iook which can be placed in the hands of college 
students. It is believed that a student who has carefully 
studied and faithfully recited this book will be able to take 
up understandingly the larger works. 

The retrospects at the end of each group afford the lecturer 
an opportunity of introducing a detailed recapitulation of the 
facts considered, as well as a survey of the typical reactions 
and theoretical relations of the various classes of substances. 
Coming in this place, such information is understood and 
appreciated by the student who has become acquainted with 
the compounds, and understanding the derivation of the 
individual members from each other, is prepared to take up 
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generalizations. But to begin with broad jgeneralizations and 
the consideration of involved relations among groups of com- 
pounds with which the student is not acquainted, is hardly 
more rational than to undertake to teach the more difficult 
points of the grammar of a language by lectures in that lan- 
guage to students who have not the slightest knowledge of its 
vocabulary or its inflections. The unfortunate manner in 
which the subject is so frequently taught, is probably the 
reason why organic chemistry, than which there is no depart- 
ment of natural science of greater importance — since it is the 
key to the study of life, and includes in its pursuit a fine 
discipline for the student's powers of reasoning as well as of 
observation — ^is often looked upon by students as a mere 
exercise for the memory, and a dry, unprofitable study ; or 
worse yet as merely a study of alkaloids, poisons and drugs. 

In translating Prof. Pinner's book, I have preserved so far 
as possible the easy lecture-style which is characteristic of it, 
and have not hesitated to employ numerous expressions which 
have come into use in working laboratories, and which recom- 
mend themselves for brevity and clearness. 

So far as the limits of the book allow, I have introduced 
the more important recent discoveries in organic chemistry, 
and have made free use of the literature and text-books at my 
disposal. In particular, I have to acknowledge my indebted- 
ness to '^Watt's Dictionary of Chemistry," the " Handwor- 
terbuch der Chemie," the English edition of Wislicenus- 
Strecker, and the large work of Eoscoe and Schorlemmer. 

P. T. A. 
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INTRODUCTION. 



Ever since the composition of substances first began to be 
known^ and to be used as a means of classification^ compounds 
which contain carbon have been considered apart from those 
containing the other elements. This was partly because the 
nnmber of the carbon compounds was so enormous, but chiefly 
because those which occur in nature were, with a few excep- 
tions, produced by the vital processes of vegetable and animal 
life. All attempts to reproduce them from their elements 
failed. It was therefore supposed that it was impossible to pro- 
duce them artificially, and that they were formed in organic 
nature by the influence of some mysterious force, which was 
called veVaZ force. Hence the name, or^«mc cAemts^ry. Since 
that time multitudes of such substances have been produced 
from their elements, and the assumption of a vital force has 
long ago been given up, but the name remains in use. It is 
termed more correctly the chemistry of tl\s carhon compounds. 

The carbon compounds which occur in nature contain, be- 
sides carbon, only a few elements, viz., hydrogen, oxygen, and 
nitrogen. Some contain also sulphur and phosphorus. By 
chemical means, however, almost all the elements have been 
introduced into carbon compounds. 

To understand the nature of a compound, it is necessary, 
first of all, to know of what elements it is composed, and 
in what relative amounts they are present. In studying or- 
ganic compounds, therefore, the first step is to make a quali- 
tative and quantitative analysis of them. As the methods 

1 
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of qualitative and quantitative testing are usually the same, 
only the latter will be noticed li^re. The details of the oper- 
ations will be given in the Appendix. 

Carbon and hydrogen are always determined in one operation. A 
weighed amount of the substance is heated with an oxygen compound 
which gives up its oxygen easily at a high temperature, as cupric oxide 
or plumbic chromate. The carbon is oxidized to carbonic acid, and the 
hydrogen to water. This operation is called combustion. The water is 
absorbed in an apparatus containing fused calcium chloride, the carbonic 
acid in one filled with a solution of potassium hydrate. By weighing the 
pieces of apparatus before and after the combustion, the weights of the 
water and carbonic acid absorbed are ascertained, and from them the 
amounts of hydrogen and carbon are calculated. 

Oxygen is not estimated directly, but is calculated as the difference 
between 100 per cent, and the sum of the per cents, of ail the other con- 
stituents. 

Nitrogen is estimated in two ways. (1.) By decomposing the substance 
in such a way that the nitrogen is given off as a gas. The gas is 
collected over mercury, and from its volume its weight is calculated, 
allowance being made for tlie temperature and pressure. (2.) The de- 
composition is so conducted that the nitrogen is converted into ammonia, 
the amount of which is estimated. 

Chlorine, bromine, and iodine are combined with silver and estimated 
as silver chloride, bromide, or iodide, after destruction of the organic sub- 
stance by ignition with caustic lime, or by oxidation at a high tempera- 
ture with fuming nitric acid. 

Sulphur and phosphorus are converted into sulphuric and phosphoric 
acids by oxidation of the organic substance (ignition with a mixture of 
potassium nitrate and sodium carbonate, or digestion with fuming nitric 
acid). The sulphuric acid is estimated as barium sulphate, the phosphoric 
acid as ammonio-magnesium phosphate. 

When the relation of the amounts of all the constituents of 
an organic compound have been determined by the foregoing 
methods, the numbers representing the per cents, form the 
first step toward determining the chemical formula of the 
compound. If the number representing the per cent, of each 
element is divided by the atomic weight of the same, the re- 
lation of the elements to each other is obtained. 
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Suppose, for instance, a substance composed of carbon, 
hydrogen, and oxygen is found on analysis to contain 40 per 
cent, of carbon, 6.6 per cent, of hydrogen, and 53.4 per cent, 
of oxygen. Dividing by the atomic weights we have 

C = g= 3.3 

H = ^^= 6.6 

= ^ = 3.3 

Id 

i.e., for every 3.3 atoms of carbon there are 6.6 atoms of hy- 
drogen and 3.3 atoms of oxygen. It is at once evident that 
the relation of carbon to hydrogen and oxygen is 1:2:1. 
Hence the compound contains for one atom of carbon two 
atoms of hydrogen and one atom of oxygen, or CHgO. 

The formula thus obtained by no means expresses, in every 
case, the true chemical formula of the substance. It shows 
only the relation of the single atoms to each other. Tliere 
is a . great number of compounds in which the atomic ratio 
1 C : 2 H : 1 exists. One of them is a gas at ordinary tem- 
peratures, others are liquids, some are solids, and further, the 
liquids and solids differ greatly among themselves both in 
chemical and physical properties. But all of these compounds 
do not possess the same molecular weight, that is, all do not 
contain in a molecule only one atom of carbon, two atoms of 
hydrogen, and one atom of oxygen. In some cases a molecule 
contains two atoms of carbon, four atoms of hydrogen, and 
two atoms of oxygen, or double the simplest relation, in others 
treble, and so on. 

Hence it becomes the task of the chemist, as soon as he has 
found out the percentage composition of a compound, and 
thereby ascertained the relation of the atoms to each other, to 
determine the molecular weight. There are various method^ 
for doing this. 
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If the compound is a gas, or can by elevation of the tem- 
perature be brought into the state of a gas without decomposi- 
' tion, it is only necessary to determine the weight of a certain 
volume of the gas to ascertain the molecular weight ; for, as 
is well known, the weights of equal volumes of different gases 
at the same temperature and same barometric pressure are in 
the same relation as their molecular weights, because equal 
volumes of gases always contain an equal number of mole- 
cules, no matter how different the gases may be. If, then, 
the weight of a volume of hydrogen is equal to two (since the 
weight of a molecule of hydrogen equals two), the weight of a 
volume of chlorhydric acid gas will be 36.5 (H = 1 -|- CI = 
35.6), or if we take a volume of hydrogen as equal to one, the 

36.5 
weight of an equal volume of chlorhydric acid gas will be — ^ = 

18.25. A volume of chlorhydric acid gas weighs, then, 18.25 
times as much as an equal volume of hydrogen, weighed of course 
at the same temperature and pressure. Hence if we did not 
know what the molecular weight of chlorhydric acid was, but 
had found that it was 18. 25 times heavier than hydrogen — in 
other words, we had estimated its weight by volume — it would 
only be necessary to multiply this volume-weight by two to 
obtain its molecular weight. The molecular weight of a sub- 
stance is always twice as great as its volume-weiglit referred 
to hydrogen as unity. If we had, then, a substance, the 
simplest formula? of which, according to analysis, was CHgO, 
and it was found that its volume-weight = 30, we would 
know that its molecular weight would be 30 x 2 = 60. But the 
weight of a substance whose formula is expressed by CHgO is 
C + 2 H + = 12 4- 2 + 16 = 30. Hence the weight of our 
substance must be twice as great as CHgO, that; is, 2C + 
4:11 -h 20 = G^IL^O^. 

Let us assume we had found that a substance whose sim- 
plest formula was CHgO, gave a volume-weight of 45. The 



INTRODUCTION. 5 

molecular weight would bo 45 x 2 = 90, or three times as 
great as the formula CHgO, that is C3He03. 

The methods of estimating the gaseous volume, or, as it is generally 
termed, the determination of the vapor density, of substances which are 
solid or liquid, at ordinary temperatures, will be described in l;he Ap- 
pendix. 

When the compound is a base or an acid, the molecular 
Aveight can be estimated by analyzing a salt of it and calcu- 
lating the relation of the atoms to eacli other. Acetic acid, 
for instance, is a substance which has the atomic relation just 
mentioned, CHgO. It is an acid and dissolves silver oxide, 
forming a ciystalline compound, silver acetate, which con- 
tains 

Carbon = 14.4^ Oxygen = 19.1^ 

Hydrogen = 1.8^ Silver = 64.7^ 

If these nuiAbers are divided by the atomic weights of the 
corresponding elements, we have 

o = !^ = o =!^ = i.2 

We see at once that the relation of the silver to the carbon 
is as 1 : 2, to the hydrogen as 1:3, and to the oxygen as 1 : 2. 
Hence in this compound, for one atom of silver there are two 
atoms of carbon, three atoms of hydrogen, and two atoms of 
oxygen, or AgCgHgOg. We know, however, that silver 
replaces one atom of hydrogen in acids. Replacing the atom 
of silver by an atom of hydrogen, we have CgH^Og, which is 
the molecular formula of acetic acid. In a similar manner 
organic substances of a basic nature can be examined. Such 
bodies unite directly with acids, so that by determining the 
amount of acid with which they unite, the molecular weight of 
the compound can be calculated. If, on the other hand, the 
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substance is neither basic nor acid, and cannot be brought into 
the gaseous state without suffering decomposition, then only an 
accurate study of its chemical metamorphoses will lead to the 
determination of its molecular weight. 

The formula which is deduced from the chemical composi- 
tion and the molecular weight does not so characterize a 
substance that confusion with others is impossible. There is 
a great number of compounds which possess the same com- 
position and molecular weight, but which differ greatly in 
chemical and physical properties. There are, for instance, 
five substances to whose composition and molecule the formula 
C3H5O corresponds. The differences between these five com- 
pounds can only arise from difierences in their internal struct- 
ure, or constitution. Whenever their relations do not show 
beyond a doubt which of the five substances is meant, it 
becomes necessary to express the structure, or constitution, in 
the formula. In this way, what are called* constitutional 
(graphic, glyptic, structural) formulas have come into use. 

To obtain a clear idea of constitutional or structural for- 
mulas, we must review certain laws which have already been 
mentioned in inorganic chemistry, but, owing to the simplicity 
of their relations in that branch of science, have not received 
the attention that they here require. 

SUBSTITUTION. 

Carbon is tetra-valent. Its tetra-valence and the replace- 
ment, or substitution, of the elements by each other in equi- 
valent amounts, form the foundation on which the most 
complicated compounds are built up. The mono-valent hydro- 
gen can be replaced atom by atom by the equally mono-valent 
chlorine, bromine, iodine, potassium, or silver. One atom of 
chlorine can take its position in the place of one atom of hy- 
drogen. It occupies the same position as its predecessor, and 
the equi-valence, or equilibrium, of the compound, which has 
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been disturbed by the exit of the atom of hydrogen, is restored 
by the introduction of the atom of chlorine, which has the 
same binding power, or valence, as the atom of hydrogen, 
being equal to one. An atom of hydrogen can also be 
substituted by an equi-valent amount of oxygen ; but since the 
atomic binding power of oxygen is twice as great as that of 
hydrogen, as seen in the compound HgO, one atom of hydro- 
gen could be replaced by only half an atom of oxygen. Half 
an atom of oxygen, however, cannot be imagined and does not 
exist, so we must say, more logically, that an atom of hydrogen 
can be substituted by half the atomic binding power of an 
atom of oxygen, in which case the other half must be kept in 
equilibrium by some other energy equal to that of the hydro- 
gen, or one. To simplify matters, let us take up some illus- 
trations. To represent the degree of the atomic binding 
power, or valence, we shall use a small stroke near the symbol. 
One stroke expresses unity. 

H" "0" -N -h- 

Mono-valent Di-vaJent Tri-valent Tetra-valent 

The simplest carbon compound is composed of one atom of 
carbon and four atoms of hydrogen : 

H 

I 
H 

In this compound an atom of hydrogen can be substi- 
tuted by an atom of chlorine, bromine, iodine, potassium, 
etc. 

H H H H 

> k k i 

Again, an atom of hydrogen can be substituted by the half 
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of the atomic binding power of oxygen, the other half being 
satisfied by some other mono-yalent atom, as 

H H 

H-(*)-0-K and H-^-O-H 

We see then that the group 'O'K, or 'OK, and "0"H, or 
"OH, can substitute an atom of hydrogen in the same man- 
ner as a mono-valent atom. It is not remarkable, therefore, 
that in the group CH3 an unsatisfied bond, or valence, is free 
and active, and can only be rendered inactive by an equally 
great energy. 

H 
K-6- 

It makes no difference if this energy is the entire attractive 
power of a single atom of a mono-valent element, or the re- 
mainder of all the active attractive energies of an atomic 
group> so long as its amount is equal to one. 

Proceeding in the same manner, an H can be substituted by 
the group NH, which is also mono-valent, or by the group 
CH,: 



H 



H H 




HH 


.6V 


and 


H-C-i-H 


1^ ^H 




k^ 



The last formula CHg'CHg brings us to a new carbon 
series, in which all the substitutions can be eifected in the 
same manner as with the simple CH^. We shall, however, 
continue with the first example, CH^. 

So far, only one atom of H, in the group CH^, has been sub- 
stituted by a mono-valent atom, or atomic group. In the same 
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manner, two atoms of H can be substituted by two mono- 
valent atoms, or atomic groups ; or by one di-valent atom, or 
atomic group. 

1) 2 H*s by two mono-valent atoms : 

H H H H 

H-d^-Cl ; H-6-Br ; H-6-I ; H-(!)-Br ; 

I I I ' I 

CI Br I CI 

(CH.Cl^) (CH.Brg) (CHJ^) (CH^BrCl) 

2) 2 H*s by one di-valent atom : 

H H 

. H-d)-, ; K-h-n etc. 

(CH,=0) (CH,=S) 

3) 2 H's by one di-valent atomic group : 

H H 

H-(!)-n ; H-i-i 

L-N-H LC-H 

(CH,=NH) (CH,=CH,) 

Farther, three atoms of H in the CH^ can be substituted 
by three mono-valent atoms, or- atomic groups ; or by one 
mono-valent and one di-valent atom, or atomic group ; or by 
one tri-valent atom, or group. 

H H H HH 

01-6-01 c\-h=o (!)=N h=h 
di 

(CHCI3) (OH 010) (OHN) (HjCg) 

Finally all four of the H's can be substituted by four mono- 
valent atoms, or groups ; or by one di-valent and two mono- 



10 INTRODUCTION. 

valent atoms, or groups ; or by two di-valent atoms, or groups ; 
or by a tri-valent and a mono- valent atom, or group. 

C CI4 ; CO CI2 ; CO2 ; GN CI. 

We shall meet.later a great number of substitutions. Here, 
however, it is only necessary to keep in view the principle that 
only equi'Valent amounts, or equal worths, of atoms can re- 
place each other. 

Let us consider one of the examples just noticed, viz., the 
substitution of one of the atoms of H in the group CH^ by 
the mono-valent group CH3, or, 

HH 

H-6-6-H 

I I 
HH 

or CH3 CH3, C2HQ. 

In this compound, which is more complicated than the pre- 
ceding CH4, the same substitutions can be effected as in the 
group CH4. The number of the substitutions derived, how- 
ever, will be greater* We shall also meet with substances 
which have the same composition, but totally different prop- 
erties. 

If in the group CH3"CH3, an atom of H is substituted by 
a mono-valent atom, or atomic group (for the sake of simplic- 
ity we shall again choose chlorine), the compound CH3"'CHgCl 
is formed. There is but one such compound. It is im- 
material whether we write CH3"CH2C1 or CH2CrCH3, be- 
cause the various atoms of hydrogen in the group CH3"CH3 
act in an entirely equal manner. No matter where the atom of 
chlorine is substituted, it occupies the same position in relation 
to the carbon and hydrogen in space. Hence there is only 
one compound possible which has the composition CgHgCl 
or CHg'CHgCl. It is different, however, when a second H 
is substituted by a chlorine atom. There are now two cases 
possible. The second chlorine atom replaces an atom of 
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hydrogen belonging to the carbon atom which already possesses 
a chlorine atom, thus forming the compound CHa'CH Cl^, 
or it substitutes an atom of hydrogen belonging to the other 
carbon atom, and the compound CHgCrCHaCl arises. The 
relations are seen at once in the constitutional formulas : 



H H 


TT H 


CI 6 d) CI 


H.-6-h-Cl 


1 

H TT 


A6i 



Here we have two compounds which have absolutely the 
same molecular weight, but yet must possess totally different 
properties because the different relative positions of the chlo- 
rine atoms influence the properties of the compound in a most 
marked manner. 

Such compounds, possessing the same composition and mole- 
cule, but presenting differences in properties, are called 
isomeric. The great number of isomeric compounds has 
compelled the chemist to examine deeply into the structure or 
constitution of them ; for, as has just been observed, in this 
case, only the dissimilarity of constitution can occasion differ- 
ences in properties. 

A similar case of isomerism presents itself when the group 
CHg'CHj contains three chlorine atoms. It is seen at once 
that there are two modifications possible, OHgCrCH Ol^- and 
CHa'C CI3. A third compound is not possible. 

All the hydrogen atoms can successively be substituted by 
chlorine atoms or other elements, or atomic groups. The only 
other case that we shall examine, however, is the substitution 
of a hydrogen atom by the mono-valent atomic group CH3, 
by which the compound CHg'CHg'CHj is obtained. If the 
same substitution be continued in this compound we shall 
obtain either CH3"CH2"CH2"CH3 or CH3-CH-CH3, both 

CH3 
C^H^^,. They are isomeric because in the one case the car- 
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bon atoms hang together like a chain, while in the other the 
three carbon atoms are bound to one : 

H 
H H H H— u— H 

B.-6-6-6-K ^ I ? 

i i i 

By substitution of OHj in these two compounds we obtain, 

1) CHj-CHg-CHj-CHg-CHj ; 

2) CH3-CHg"CH-CH," = CgHj'GH'CH, ; 

CH, 



3 

3 



3) CHs-dj-CH, 
All = C,H,o. 

• 

In this case there are three isomers. With the compound 
CeH^4 the number will be much greater. With the increas- 
ing number of carbon atoms, the number of isomers increases 
with extraordinary rapidity according to the laws of permu- 
tations. 

These compounds consisting only of carbon and hydrogen 
are called hydrocarbons. Placing them in a series, it is at once 
noticeable that each member differs from the preceding one 
by an increment of CHg. If we represent the number of 
carbon atoms by n {n being any whole number from 1 on), 
then thd number of H atoms is 2n + 2. The series, there- 
fore, possesses the general formula CnHg,^ g. If we start out 
from the compound CHg-CHg, that is, one in which the 
carbon atoms are held together by two bonds, and substi- 
tute in this, as before, an atom of hydrogen by the group CH3, 
we shall have CHg'CH'CHg, or CgHg. Continuing in the 
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same manner, we can substitute another hydrogen atom by a 
CH3, obtaining CHg=CH-CHg-CH, and CHj=C"CH3, both 

C4H8. Proceeding in this manner the following series is 
obtained : 

C2H4 ; CgHg ; C^Hg ; CgH^o. 

These compounds have the general formula O^Hg,, in which 
n denotes any whole number from 2 on. A body CHg is 
not known, and from the tetra-valence of carbon is not 
probable. 

Two carbon atoms held together by three bonds give 

CHECH, or CgHjj. 

By substitution of this we get CH=C"CH3 = C3H4, so that 
another series of hydrocarbons can be built up, C2H2 ; C3H4 ; 
C4Hg, etc., which fall under the general formula C^Hg^.g, 
the smallest value of ^ being again 2. 

Series of which each member is derived from the preceding 
member by the replacement of an H by a CH3, are called 
Jiornologous. 

All compounds having the general formula C^Hgn, CnHg^.^, 
etc., can be converted into those of the formula C^Hg, + g ; that 
is to say, by the addition of hydrogen the double and treble 
binding of the carbon atoms can be broken until only the 
single binding remains. Hydrocarbons which are capable of 
taking up more hydrogen are termed unsaturatedy or unsatis- 
fied compounds. Those of the series CnHgn^g? ^^^ being 
able to take up any more hydrogen, are called saturated com- 
pounds. 

CgH^ = CHg^CHg can take up two more atoms of hydro- 
gen, passing into CgHg = CH3"CH3, In the same manner, 
CgHg = CH=CH by combining with four atoms of hydrogen 
forms CgHe = CHa'CHa. 
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We shall now proceed to the study of the individual organic 
compounds, taking up first those which contain only one 
atom of carbon, or derivatives of the hydrocarbon CH^; then 
those containing two atoms of carbon linked together, or 
derivatives of the hydrocarbon CgH^ ; and after them the 
derivatives of CgHg, and so on. 
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Methane Compounds. 

MethfOie, Methyl Hydride, Marsh Gas, Fire-Damp ; CH^. 

This compound, which is the simplest of the hydrocarbons, 
is found in marshes and coal mines (fire-damp). It is formed 
by the slow decomposition of organic substances in the absence 
of air. At some places it streams from the earth (at Baku); 
petroleum gases contain it. It is produced by the dry distil- 
lation of many organic substances, and forms an important 
constituent of illuminating gas. 

Methane is made by heating a mixture of sodium acetate with an excess 
of sodium hydrate : 

CaHaNaO, + NaOH = Na^COs + CH4. 
Sodium acetate ' Sodium carbonate 

It can also be made synthetically by leading hydrogen 
sulphide and carbon disulphide over red-hot metallic copper : 

CS0+2H2S + 4Cug = CH^+4Cii2S. 

Carbon dieul- Cuprous sul- 

phide phide 

• 

It is a colorless and odorless gas, which condenses to a 
liquid at a very low temperature, and under a very great press- 
ure. The volume- weight of the gas = 8 {i.e., it is eight 
times heavier than hydrogen). Its molecular weight = 16. 
It is easily combustible, burning with a scarcely luminous 
flame to carbonic acid and water. When mixed with air or 
oxygen it forms an explosive mixture : 

15 
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CH^ +20jj=C02 4-2HgO. 

This mixture constitutes the dangerous *^ fire-damp" of the 
coal mines, and has caused many frightful explosions when 
ignited by the miners' lamps. The introduction of the Davy 
safety-lamp has, however, greatly reduced the danger of its 
presence. 

By exposing a mixture of equal yolumes of methane and 
chlorine to diffused light, the first chlorine substitution of 
methane is obtained : 

CH^ + CI2 = CH3CI + HCh 



Halogen Substitntions. 

I. One H of the Methane is substituted by a 
Halogen. (Alkyl-halogens, or Alkylogens.) 

Methyl Chloride, Chlorniethyl, MonO'Chlor-methane, CH3CI, 
does not occur in nature. It is usually made by the action of 
nascent chlorhydric acid on methyl alcohol : 

CH.O + HCl = CH3CI -f HgO. 

Methyl alcohol Methyl chloride 

A mixture of methyl alcohol, salt, and sulphuric acid is heated, and the 
resulting product caught over water. 

Colorless gas with a pleasant odor and sweet taste. Con- 
denses in a freezing mixture to a liquid which boils at — 21°. 
Vol. wgt. = 25.5. Mol. wgt. = 50.5. 

Methyl Bromide, Brom-methyl, Mono-brom-methane, CHgBr, 
is obtained from methyl alcohol and gaseous or nascent 
bromhydric acid : 

CH^O + H Br = CHgBr + H^O. 
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Bromine as allowed to drop into cooled methyl alcohol containing 
amorphous phosphorus.* 

Colorless liquid with a pleasant odor, boiling at 5°. Vol. 
wgt. = 47.5, Mol. wgt. = 95. 

Methyl Iodide, lodomethyl, Mono-iodo-methane, CH3I. From 
methyl alcohol and gaseous or nascent iodoliydric acid. 

CH^O + HI = CH3I + H2O. 

A solution of iodine in methyl iodide is added gradually to boiling 
methyl alcohol containing phosphorus. 

Colorless liquid with a pleasant odor, boiling at 44°. Ex- 
posed to the light, it becomes yellow to red from a partial 
decomposition. Vol. wgt. = 71. Mol. wgt. = 142. 

11. Two H's of the Methane are substituted 

by Halogens. 

Methylene Chloride, Dichlor methane, CH g CI 2 . It is formed, 
together with CH3CI, by the action of chlorine on methane. 
Also from chlorine on methyl chloride. But little known. 

Methylene Bromide, Dihrom-methane, CHgBrg, and 

Methylene Iodide, Di-iodo-methane, CHglg. 

As these three compounds ^are produced with diflBculty, and 
have been as yet but little examined, they are only interesting 
as members of the series. 



* The compounds of phosphorus with chlorine, bromine, and iodine, 
PCls, PBrs, PI3, are decomposed by water into chlorhydric, bromhydric, 
and iodohydric acids. 

PCI3 + 3 HOH = P(0H)3 + 8 HCl 
PBr, + 3 HOH = P(0H)3 + 3 HBr 
PI, + 3 HOH = P(0H)3 + 3 HI. 

The alcohols act in exactly the same manner, except that the organic 
rests unite with the chlorine, bromine, or iodine. These reactions will be 
more fully considered later on. 
2 
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Methylene iodide is made from iodoform by the action of strong iodo- 
hydric acid in presence of phosphorus : 

CHI3 -h HI = CH Ja + I2. 

lodohydric acid sometimes substitutes retrogressively, i.e., introduces 
hydrogen. Phosphorus is added to unite with the iodine as it becomes 
free, forming phosphorus tri-iodide, which, by decomposition with the 
water, yields fresh iodohydrie acid. 

III. Three H's of the Methane are substituted 

by Halogens. (Forms.) 

Chloroform, TricJtlor^nelhane, CHCI3, is also a product of the 
action of chlorine on methane : 

CH^ + 3 Clsj = CHCI3 + 3 HCl. 

■ 

It is made by the action of calcium hypochlorite (chloride of 
lime) on dilute alcohol. 

1 part of chloride of lime, 4 parts of water, and i part of alcohol of 0.85 
sp. gr,, are heated quickly until the reaction begins, and the heat then 
removed. Chloroform distils over mixed with water, from which it is 
afterwards separated, dried, and redistilled. The reaction takes place in 
two steps. By the action of chlorine on alcohol, chloral is first formed, 
but is decomposed into chloroform by the lime. 

CaHfiO + 4 CI2 = C2HCI3O + 5 HCl. 

Alcohol Qtiloral 

2 C2HCI3O + Ca(0H)2 = 2 CHCI3 + Ca(CHO0a. 
Chloral Ohlorofoiin Calcium 

formate 

Chloroform is a colorless mobile liquid with a pleasant odor 
and sweet taste. Its specific gravity at 0° is 1.525, at 17°, 
1. 491. It boils at 62°. It bums difficultly, with a green-edged 
flame. It is very little soluble in water, but imparts its taste 
and odor to it. Easily soluble in alcohol and ether. When 
pure, it sinks in water without causing a troubling ; but if it 
contains alcohol, the water above remains troubled for a long 
time. By digestion with alcoholic potassium hydrate it is 
decomposed into potassium formate and chloride : 
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CHCI3 + 4 KOH = CHOgK + 3 KCl + 2 HgO. 

Potassium formate 

Ammonia, in presence of potassium hydrate, converts it into 
potassium cyanide and chloride : 

CHCI3 + ISTHj + 4 KOH = KCN + 3 KCl + 4 H^O. 

Potassium 
cyauide 

It is used in medicine as an anaesthetic. For this purpose it must be 
perfectly pure and dry. It must be clear and transparent, not troubled 
(moisture). It must have the correct specific gravity and boiling point 
(contamination with alcohol and foreign chlorides). It must not redden 
litmus paper or cloud a silver nitrate solution (free chlorhydric acid), and 
should give no precipitate of potassium chloride with an alcoholic potassa 
solution (foreign chlorides). For the production of chloroform for 
medicinal purposes, only a pure alcohol, free from fusel oil, should be 
used. 

In the arts, chloroform is used as a solvent for bromine, 
iodine, alkaloids, phosphorus, rubber, resins, etc. 

Bromoform, Tri-brom-methane, CHBrg. Bromine is added 
to a solution of one part of potassium hydrate in one part of 
ethyl alcohol until a yellow color remains. The under layer 
of oil is bromoform. 

It is a colorless liquid with an odor similar to that of chloro- 
form. B. p. 152°. Sp. gr. at 12° =2.9. 

Iodoform, Tri-iodo-ynethane, CHIg, two parts of sodium car- 
bonate are dissolved in ten parts of water, and one part of alcohol 
is added, the whole warmed to 60-80°, and one part of iodine 
gradually added. 

Yellow crystalline leaflets or tablets with an odor like saf- 
fron, fusing at 119°. It cannot be distilled in the diy state 
without partial decomposition. Quite easily soluble in alcohol 
and ether. 

Its use in medicine depends on its large content of iodine. It acts like 
iodine, but more mildly. 
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rv. Pour H*s of the Methane are substi- 
tuted by Halogens. 

Carbon Tetraehloride, Tetra-chlor-inethaney CCl^. 

Tetrachlormethane is the final product of the action of chlo- 
rine on methane^ methyl chloride, and chloroform. It is usually 
made from the latter. 

It is a colorless liquid with a pleasant odor, boiling at 78°. 
It is decomposed, by digestion with alcoholic potash, into 
potassium carbonate and chloride : 

CCl^ + 6 KOH = KgCOj + 4 KCl + 3 H^O. 

All of these chlorides, etc., when treated with nascent 
hydrogen, suffer a retrograde substitution, and yield methane- 
Sodium amalgam is a compound of mercury and sodium, which 
decomposes water slowly, giving a continuous evolution of 
hydrogen. If the chlorides, etc., are treated with sodium 
amalgam and water, methane will be obtained as the final 
product. 

CH3CI + Hg = CH^ + HCl 
CHgClg + 2 H2 = CH^ + 2 HCl 
CHCI3 + 3 Hjj = CH^ + 3 HCl 
CCl^ + 4 Hjj = CH^ + 4 HCl. 

General reactions of the Chlorides, Bro- 
mides, and Iodides of the Hydrocarbons. 

On account of the ease with which they exchange their 
halogen atoms for other mono-valent atoms, or atomic gi'oups, 
the chlorides, bromides, and iodides of the hydrocarbons 
(alkylogens) serve as starting-out points for the production of 
other organic compounds. The study of them is hence very 
important. 

(1) By digestion with sodium or potassium hydroxide, the 
halogen is substituted by OH, hydroxyl : 

CH3I + KOH = CH3(0H) + KL 

Methyl alcohol 
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In the higher carbon series, potassic hydroxide generally 
splits out HOI, HBr, or HI from the alkylogens, and pro- 
duces a hydrocarbon, or a derivative of a hydrocarbon, of the 
series C,Hg„. This decomposition takes place pai*ticularly 
when one or more hydrogen atoms are substituted by halogens : 

1) CH3-CH2-CHJ + KOH = KI + HjjO + CH3-CH=CH2 
or CHg'CHg'CHJ = HI + CH3"CH=CH2 

2) CHjjBr-CH^Br + KOH = KBr + H^O + CHBr=CH2 
CHgBr-OHgBr + 2 KOH = 2 KBr + 2H2O + CH=CH. 

This procedure may be represented as taking place in two 
steps. In the first, the halogen is replaced by a hydroxyl 
group, 

CHgBr-CHjjBr + KOH = CH2Br"CH2(OH), 

this then combines immediately with a hydrogen atom of 
the neighboring carbon atom, thus occasioning the double 
binding of the carbon atoms : 

. CH2Br-CH2(OH) = CHBr=CH2 + H^O. 

2) With potassium sulphhydrate, the halogen is substituted 
by SH, sulphur yl : 

OH3I + KSH = CH3(SH) + KL 

Methy l-mercap t an 

3) Ammonia effects the substitution of NHg, amidogen^ 
(amide, amine) for the halogen : 

CH3I + NH3 = CHJNHg) + HI. 

Methylaminc 

4) With metallic zinc, the zinc compound of the hydro- 
carbon is formed : 

'2 CH3I + 2Zn = ch""!)^^^ + ^^^2- 



5) With sodium alkoxide, the ethers are formed : 

+ CHgONa = CH "0"CH 

Sodium Hiethozide Methyl-ether 



CHjI + CH30Na = CH "O'CHj + NaL 

Me 
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6) With the sodium or silver salts of the organic acids, the 
esters, compound ethers, or organic salts of the acids are pro- 
duced : 

CH3I + CHO^Na = CH3CHO2 + Nal. 

Sodium formate Formic methyl- 
ester 

7) With potassium cyanide, the cyanides are'formed : 

CH3I + KCN = CH3(CN) + KI. . 

8) With potassium sulphocyanide, the sulphocyanides are 
produced : 

CH3I + KSCN = CH3SCN + KI. 

There is still a great number of reactions of which the 
alkylogens are capable, but the consideration of them would 
lead us beyond the limits of this work. 

These reactions usually take place by treating the chlorides, etc., with 
potassium and silver compounds. The halogen and the metal unite, while 
the two rests combined to a new molecule. XCl + YAg = AgCl + XY. 

The alkylogens are all very reactive, the order in activity 
being iodides, bromides, chlorides. 



Hydroxyl Substitntions. 



The hydroxyl substitutions of the hydrocarbons are the most 
important compounds in organic chemistry, because they are 
of the highest significance in the phenomena of life, and in 
the arts, and also yield the chemist the material from which all 
other derivatives are either directly or indirectly produced. 

If an H in a hydrocarbon is replaced by a hydroxyl group 
(OH), an alcoJiol, or carhinol, is produced. 

If 2 H's belonging to one carbon atom are replaced by 2 
OH's, a molecule of HgO splits off, and the remaining atom of 
fills the gap. 
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CHg(OH)2 = CH30 + H2O 
H H 

H'C'OH = H'C-i + HgO. 

6h ^0 



Such bodies are called aldehydes, or ketones (the difference 
between these two classes of compounds will be explained 
further on). If a third atom of H is substituted by OH, 
another molecule of water drops out, and a compound is 
formed having instead of three hydroxyls the group (OH), 
as, for instance, CHO (OH). 

H H 

HO-C"OH = HO-Q-i + HgO. 
OH ^0 



Such compounds are called acids. The substitution of a 
fourth H by OH could only take place in the methyl group, as 
in all other series it is replaced by hydrocarbon rests. In the 
methane series, in this case, two molecules of water splits off : 

C(0H)4 = C02 +2H2O. , 

Metbyl Alcohol, Cariinol, Wood Spirit, Methylated Spirit, 
CH3(0H) = CH4O. 

Methyl alcohol is produced with acetic acid in the distillation of wood. 
It occurs in combination with salicylic acid in the oil of wintergreen 
{Gaultheria procumbens). 

It is obtained from the aqueous distillate of wood, or crude 
wood vinegar. 

The product, which has been separated from the tar, is distilled over 
burnt lime several times down to about 10 ^. Fused calcium chloride is 
then added. The crystalline compound of methyl alcohol and calcium 
chloride, which is obtained, is freed from all oily matters by washing with 
ether. Finally, the mass is distilled with water, which decomposes the 
compound. The methyl alcohol which is obtained in this manner, is 
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dehydrated by distillation over burnt lime, but is not chemically pure. 
For most purposes it is, however, suflBciently pure. 
' To obtain it absolutely pure, it is transformed into the crystalline oxalic 
ester, which is purified by repeated crystallizations, and distilled with 
water, which decomposes the compound. The aqueous alcohol thus 
obtained is freed from water by burnt lime and anhydrous cupric sulphate. 

Methyl alcohol is a colorless, aqueous, mobile liquid, with 
an odor and taste like that of ordinary alcohol. B. p. = 65°. 
Sp. gr. at 0° = 0.798. Gas vol.-wgt. = 16, molecular wgt. = 
32. It is soluble in all proportions in water, alcohol, ether, 
acetic acid, etc. It dissolves essential oils and all salts which 
are soluble in alcohol. It bums like alcohol. 

In the arts it is used as a solvent (varnishes), in the manu- 
facture of aniline colors, and for denaturalizing alcohol. 

« 

General Properties of the Alcohols (Car- 

• binols.) 

1) The alcohols on oxidation are converted into their corre- 
sponding aldehydes and acids. The mechanism of the reaction 
is as follows : A second, and then a third atom of hydrogen 
belonging to the same atom of carbon which holds the OH, 
is replaced by an OH, and in each case a molecule of water 
drops out : 

CH30H + = CH2(0H)2 
CHg(0H)g = CH20*+H,0 

Aldehyde 

further CHs(OH) + Og = CHCOH), 

CH(0H)3 = CHO(OH) + HgO, or 

Acid 

CHgO + = CHO(OH) 

Aldehyde Acid 

2) All alcohols give with phosphorus trichloride, phosphorus 
tribromide, and phosphorus tri-iodide, the simple chlor- 
ides, bromides, and iodides of the hydrocarbons (alkylogens) 
and phosphorous acid. The reaction is the same as with water, 
and, in fact, the alcohols may be regarded as water in which 



METHYL ALCOHOL. 25 

an H has been replaced by the mono-valent hydrocarbon rest. 
For example, methyl alcohol is methylated water : 

H(OH) CH3(0H) 

Water Methyl alcohol 

3H(0H) + PCI3 = 3HCI + P (0H)3 
3 CH3(0H) + PCI3 = 3 CH3CI + P (OHjg. 

3) Alcohols dissolve sodium and potassium, forming solid 
compounds, which are very reactive, i,e., the K or Na is easily 
exchanged for other mono-valent atoms, or groups. In this 
case, also, the alcohols act in the same manner as water : 

HOH +]Sra = NaOH +H 

Sodium hydroxide 

CH3OH + Na = CH,OH +H 

Sodiain methoxide 

'4) With acids, the alcohols give up a molecule of water and 
form esters, or comj)ound ethers (organic salts).* When acids 
possess several atoms of hydrogen substitutable by metals, are, 
in other words, polybasic, the resultmg compounds, in which 
one or more of these replaceable H's are still present, are termed 
ester-acids. 

CH3(0H) + (HONOjj = CH3ONO2 + HgO 

Nitric acid Methyl nitric 

CHter 

CH3(0H) + |g)>SO, = ^^i|g>0, + H,0 

Sulphuric acid Methyl Fulphuric 

acid 

CH3(0H) + H0\«,^ _ CHjOXoo . o tt O 

Methyl sulphuric 
ester 

H0\ CH,0\ 

ch3(0h) + ho-^po = ho-^po + h.o 

ho/ ho/ 

Phosphoric Methyl i)hosphoric 

acid acid 



* It is better to consider them simply as salts, e.g,y methyl nitrate, etc. 
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Dimethyl- phosphoric 
acid 



CH,(OH) H0\ CHjOx 

CH,(OH) + HO-^PO = CHjO^PO + 3 H.O 

CHaCOH) HO/ CH,0/ 

Methyf-phoe'phoric 
e»tcr 

With gaseous chlor- brom- or iodobjdric acid, the alcohols yield, theie- 
foie, the chlorides, bromides, or iodides (alkylogens), 

2 CH,(OH) + HCl = CH,a + HaO. 

5) By wanning with salphuric acid, the alcohols yield their 
corresponding ethers, 

2 CH3(0H) = cH3^^ + ^«^- 

The term ether is given to those compounds which consist 
of two hydrocarbon rests united by an atom of oxygen, in 
other words, organic oxides. 

Nearly all the reactions of the alcohols are easily explicable, when we 
assume that they behave in the same manner as the metallic hydroxides. 
For instance, methyl alcohol resembles KOU, potassium hydroxide. 

1) The alcohols unite with the acids with loss of water to form esters. 
According to our assumption, then, these esters correspond to salts: 

a) CH3HO + HONO2 = CflaONO, + HaO, 

Methyl nitrate 

KHO + HONOa = KONO, + H,0 ; 

Potassium 
nitrate 

b) CH,HO + HCl = CH3CI 4- H2O, 

KHO + HCl = KCl 4- H2O ; 

o) CHaHO -h Ho)>^^« = ^^'o^^^^ "^ °«^' 

Primary methyl 
Bulpliate 

d) CHsOH + ^^0^ = chIo)>^^» -^ ^»^' 

Secondary methyl 
sulphate 
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With the polybasic acids, the alcohols form several series of salts. It 
is only when all the substitutable hydrogen atoms are replaced by alcohol 
(alkyl) rests, in our case, methyl, that the salt becomes neutral ; in all 
other cases the salts are acid, i.e., they still contain hydrogen which can 
be substituted by a metal. The compound formed in equation c (primary 
methyl sulphate) is a monobasic acid, for it possesses one substitutable H 
which can be replaced by K, Na, etc., or by methyl, or any other alcohol 
(alkyl) rest. 

' In the esters, or compound ethers, as in the oxygen salts, the alkyl 
rest is bound by means of oxygen to the element forming the acid (linking 
function), in methyl nitrate with nitrogen, in methyl sulphate with the 
sulphur. 

2) The alcohols pass into the ethers, that is, their oxides, exactly as the 
metallic hydroxides pass into the oxides : 

CH3OH + CH3OH = CHa-O-CHs + H,0 

Methyl oxide 

AgOH +AgOH =Ag-0"Ag +HaO 

Argentic oxide 

It is by no means necessary that both of the aMnities of oxygen should 
be neutralized by the same atomic group. The second bond may be 
satisfied by the atom of a metal as well as by any alkyl rest : 

CH3"0H + Na = CHa'O'Na + H analogous to 

Sodium 
methoxide 

^ K-OH + Na = K-Q-Na -4- H 

PotasHum so- 
dium oxide 

CH3~0H + CaHft'OH = CHa'O'CjHs + H2O 

Methyl-ethyl oxide 

From these reactions we see that methyl alcohol behaves as a mono- 
valent base. Later on we shall meet alcohols which deport themselves as 
di- and ix>ly-valent bases. 

Methyl alcohol dissolves sodium with considerable evolution 
of heat. The sodium substitutes an H of the hydroxyl : 

CH3OH + Na = CHgONa + H. 

The resulting compound, CH30N"a, sodium methoxide, is 
a solid. Water decomposes it into sodium hydroxide and 
methyl alcohol : 

CHaONa + HOH = CH3OH + NaOH 
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It yields the ether and sodium chloride with the chlorides^ 
etc., of the alcohols (alkylogens) : 

CHjONa + CH3CI = CH3"0"CH3 + NaCl. 

Methyl alcohol, when treated with concentrated sulphuric 
acid, becomes highly heated, and the primary methyl sulphate, 
or methyl-sulphuric acid is formed, CH3HSO4. This acid 
forms salts with metals because it contains an atom of substi- 
tutable H. If the mixture of alcohol and acid is distilled, the 
neutml methyl sulphate, or methyl sulphuric ester is obtained, 
(0113)2804. If, however, there is not a great excess of sul- 
phuric acid present (e.g., when there is one part of alcohol to 
four of acid). Methyl Oxide, or Methyl Ether (CH3)20, is 
formed. At ordinary temperatures it is a gas with a pleasant 
ethereal odor, becoming solid at — 23°. It is very inflammable, 
and easily soluble in water. 

All the ethers can be made in the same way as the methyl 
ether, either by heating the alcohol with concentrated sul- 
phuric acid, whereby a molecule of water is removed. This 
amounts to the formation of an anhydride, 

2 CH3OH = CH3"0~CH3 + H2O. 

Or by treating an alkylogen with the sodium compound of the 
alcohol (metallic alkyloxide) : 

CH3CI + CHgONa = CHj'O'CHs + NaCl. 

Ethers with different hydrocarbon rests, or mixed ethers, 
can be produced by this later method. 

Oxidation of Methyl Alcohol. 

By leading the vapors of methyl alcohol mixed with air 
over a glowing platinum spiral, methyl aldehyde is formed. 
It is also produced by replacing both of the atoms of iodine 
in methylene iodide by an atom of oxygen. This is effected 
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by transforming the iodide into methylene acetate by treat- 
ment with silver acetate, and decomposing the acetate with 
potassic hydroxide, 

CH J, + 2 CoHaOAg = GK,{C,R,0,), + 2 Agl. 

Silver acetalc Methylene acetate 

CH2(C2H302)2 + 2 KOH = CHgO + 2 C^HjOgK + HjjO. 

Methylaldehyde, H'CHO, or CHgO. This aldehyde at ordi- 
nary temperatures is properly a gas. Its molecules possess the 
peculiar property, however, of uniting among themselves to form 
a complicated molecule, a body which, at ordinary tempera- 
tures, is solid, and fuses at 152° ; at a higher temperature it is 
converted into vapor. This substance is called methyl-met-al- 
dehyde. If it is brought into 'the gaseous state, it is decom- 
posed into ordinary gaseous aldehyde. Such a fusion of 
several molecules is termed polymerization. 

If the oxidation is effected by stronger agents, as, for in- 
stance, with manganic di-oxide and sulphuric acid, platinum 
black, or potassic dichromate and sulphuric acid, the tri- 
hydroxylated substitution-product is obtained : 

CH3(0H) + Og = CH(0H)3 = CHO(OH) + H^O.- 

* Formic acid 

The aldehyde, CHaO, as above stated, is formed from methylene 
hydrate, CH3(OH)2, by elimination of wat«r (dehydration), since two 
hydroxyls cannot exist bound to the same carbon atom. If instead of 
hydroxyls, the group "O'CHs (methoxyl) be introduced, then stable com- 
pounds can be obtained having two, or even three, of these groups bound 
to one carbon atom. 

Thus methylene iodide with potassium hydroxide gives (indirectly) 
methyl-aldehyde : 

1) CH Ja + 3 KOH = CHa(OH)a + 3 KI; 

2) CH2(OH)2 = CHaO + HaO. 

Treated with potassium or sodium methoxide, however, it yields Methylene 
DimetTumdef or Methyldl : 

CH Ja + 2 KOCHs = CHa(OCH3)3 + 2 KI. 
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Methylal can also be obtained by carefully oxidizing methyl alcohol 
with manganic di-oxide and sulphuric acid. It is a liquid with a pleasant 
odor, boiling at 42% and soluble in 3 parts of water. 

Formic Acid, HCO(OH), CHgO^, occurs in nature. It exists 
in ants, in the needles of many pines, in nettles, etc. It is 
also a product of the decomposition of sugar, starch, gums, 
etc. In the animal organism it is contained in yerj small 
amounts in the blood and urine. It is formed by the oxida- 
tion of methyl alcohol ; it is produced in the form of its 
potassic salt by the decomposition of iodofonn, chloroform, 
and bromoform by means of potassium hydroxide ; also from 
cyanhydric acid. Synthetically, it can be formed from car- 
bonous oxide and potassium hydroxide. 

Generally it is made by the decomposition of oxalic acid in 
the presence of glycerol. The oxalic acid falls into carbonic 
acid and formic acid : 

C,H,0, = C02+CH,02. 

Oxalic aciu 

^qual parts of oxalic acid, dried at 100% and glycerine are heated at 
110** until the evolution of gas (carbonic acid) ceases; water is then added 
to the oily mass, and the whole distilled. In this way, a dilute acid is 
obtained. The pui'e acid is produced by the decomposition of tts lead 
salt by hydric sulphide, plumbic sulphide and formic acid being obtained. 

Fonnic acid is a colorless liquid with a penetrating odor 
and a strongly acid taste. It produces blisters on the skin. 
It solidifies at 1° to glittering crystals, fusing at 8.6°, and boil- 
ing at 99°. It is soluble in all proportions in water and 
alcohol. Its vapor is combustible. Owing to its tendency to 
become more highly oxidized, «.«., to carbonic acid, it takes 
oxygen away from easily reducible substances, acting, there- 
fore, as a reducing agent : 

CH,0, + = CO, + H,0. 
It reduces, for instance, solutions of silver and mercury - 
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salts. Concentrated sulphuric acid decomposes it into water 
and carbonous oxide : 

CHjjO = CO + HjjO. 

When heated with water formic acid forms a hydrate, CHaOs + HsO, 
or CH(0H)3, Orthoformic acid, which boils at about 106"*. 

General Remarks on the Organic Acids. 

Pormic acid may be considered as the prototype of all or- 
ganic acids. When we examine its conctitution we find that 
the four valences of the carbon are satisfied in the following 
manner : 

One valence by an H, 
Two valences by an 0, and 
One valence by the group OH ; 

H 
0=C"0"H. 

The atom of H, which is united to the carbon, can be sub- 
stituted by any mono-valent organic group. The gi'oup may 
be a very complicated one, the only condition being that it 
must possess one free valence. On the other hand, the group 
COOH, which in formic acid is bound to an atom of H, can 
enter an organic compound as a mono-valent group, and form 
an acid. The group COOH is called carhoxyl, and acids 
formed by its introduction are known as carhoxylic acids. 
The hydrogen of the carboxyl gi'oup acts as the hydrogen of 
inorganic acids, being easily substituted by metals. It is the 
so-called basic hydrogen. As the carboxyl group contains 
only one atom of replaceable hydrogen, it is monobasic. 
Organic acids which contain only one carboxyl group are there- 
fore monobasic acids. 

If an organic acid contains two carboxyl groups, it is 
dibasic, etc. The number of carboxyl groups determines the 
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degi'ee of basicity. Two simple examples will serve to illus- 
trate this. If, in formic acid, the atom of hydrogen which is 
bound to the carbon atom is replaced by the methyl grouji, 
CH3, the compound CHj'COOH (or CgH^Og), acetic acid, is 
formed. Acetic acid is a monobasic acid because it contains 
but one carboxyl group. If, on the other hand, the same 
atom of hydrogen is replaced by a carboxyl group, the com- 
pound ^ 

(or CaHoO-), oxalic acid, 
COOH ^ » « *^' ' 

is formed. Oxalic acid is a dibasic acid because it contains 
two carboxyl grouj^. 

On comparing the empirical composition of formic acid with 
that of methyl alcohol, it will bo found that it contains two 
atoms of hydrogen less, and one atom of oxygen more, than 
methyl alcohol. AH acids contaifi two atoms of hi/droge?h 
less, and one atmn of oxygen more, than the alcoliols from which 
they are derived. 

The laws of substitution which have been mentioned find 
application in tlie acids. 

1) The hydrogen of the carboxyl can be substituted by a 
metal foiming a salt, as H'COONa, sodium formate. 

2) The hydrogen of the carboxyl can be substituted by 
alcohol (alkyl) rests, forming esters, compound ethers, or 
organic salts : 

H"C00'(CH3) Methyl-fomic ester. 

3) The hydrogen of the carboxyl can also be replaced by an 
acid rest. An acid rest is an acid less OH. The rest of formic 
acid is CHO : 

H-CO(OH) + H-CO(OH) = H-CO.O.HCO + HjjO. 
Compounds formed in this manner are called anhydrides. 
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Their constitution is analogous to that of the inorganic acid 
anhydrides : 

N02(0H) + N02(0H) =N0g"0-N02 +^^0 

Niiric acid Nitric anhydiidc 

CHO(OH) + CHO(OH) = CHO-Q-CHO + HgO. 

Foimicacid Foimic anliydiide 

As the anhydride of formic acid is not yet known, this class of com- 
pounds will be considered under the next acid, acetic acid. 

4) The hydroxl of the carboxyl can be leplaced by CI. 

This derivative of formic acid, which would have the formula H"C0C1, 
has not yet been obtained, because it decomposes at once into CO and 
HCl, but the reaction takes place with almost all the other acids. 

The compounds tlius obtained are called aci-cJiIorides. The 
chlorine in them is remarkably easy of substitution by other 
mono-valent atoms, or atomic groups. They are decomposed 
by water, the hydroxl taking the place of the chlorine : 

CHg-CO'Cl + HgO = CH3-C0"0H + HCl. 

Acelyl chloride Acetic acid 

Ammonia affects the substitution of the CI by NH2 : 
CHj-CO-Cl + NH3 = CH3-CO"NH2 + HCl, 

5) The hydroxyl of the carboxyl can be substituted by the 
group NH2, H'CO'NHg, Formamide. 

6) By distillation of the salt of an orgianic acid with an 
excess of alkali, the carboxyl group is split off and replaced 
byH: 

H"COONa + NaOH = HH + NagCOg 

Sodium formate Sodium carbonate 

CHo'COONa + NaOH = CH^ + NagCOa. 

Sodium acoiate Methane 

7) By the distillation of an organic salt by itself, a carbon- 
ate is also formed, two molecules of the acid acting on each 
other. But, in this case, the two acids rest unite. We shall 

3 
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examine this reaction more carefully later on. From formic 
acid, methyl aldehyde is produced : 

H"COONa + H"COONa = Na^COj + CH-0. 

Sodium formate Methyl aldehyde 

There are also various other reactions which we shall have 
occasion to study. 

Among the salts of formic acid which are worthy 
of notice are the sodium salt, HCOONa; the lead salt 
(HCOO)gPb, from which the pure acid is obtained ; and the 
ammonium salt, HCOONH^, which by rapid heating falls into 
cyanhydric acid and water : 

HCOONH4 = HCN + 2 HgO. 

Formic acid is properly an anhydride acid formed from 
CH(0H)3 by elimination of water. Although the salts of 
this acid, the orthoformic acid, have not been produced, its 
esters are known. By the action of sodium methoxide on 
chloroform, the orthoformic methyl ester is produced, while 
by the action of sodium hydroxide on chloroform, only the 
ordinary formic acid is formed : 

CHCI3 + 3 NaOCHj = CH(OCH3)3 + 3NaCl, 

CHCI3 + 3 NaOH = CH(0H)3 + 3 NaCl, 

CH(0H)3 = CHO(OH) + HgO. 

The final hydroxyl substitution-product of methane, into 
which formic acid has such a tendency to pass, is C(0H)4. As 
soon as this body enters the free state, two molecules of water 
are eliminated, so that the compound COg is formed. 
(CH4O4 — 2H2O = COg.) If, however, it does not pass 
into the free state, but at least one atom of hydrogen is 
replaced by a metal, or hydrocarbon rest, the molecule of water 
is not split off, and a derivative of the compound C0(0H)2 or 
CH3O3 is formed. 

The compound C(OCH3)4, Orthocarhonic Methylester, how- 
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ever, is stable, and can be obtained by the action of sodium 
methoxide on carbon tetrachloride : 

CCl^ + 4 NaOCHj = CCOCHa)^ + 3 NaCL 

By the action of sodium hydroxide on carbon tetrachloride, 
however, besides sodium chloride, only sodium carbonate is 
produced. 

Carbonic Acid, GOg* This acid and its salts have already been 
studied in inorganic chemistry. 

Suhstitulion products of carbonic acid. Both hydroxyls of 
the hypothetical carbonic acid, C0(0H)2, are replaced by 
chlorine. 

Chlorcarhonotis oxide, phosgen, chlorcarhoyiyl, COClg, is 
formed by the union of chlorine and carbonous oxide in sun- 
light. It is a colorless gas with an unpleasant odor, which 
condenses in a freezing mixture to a liquid boiling at 8^. 
With water it is decomposed into carbonic acid and chlor- 
hydric acid : 

COClg + HgO = COg + 2 HCl. 

Chlorcarbonous oxide being the chloride of carbonic acid, is 
an aci-chloride, and possesses all the properties mentioned as 
belonging to that class of compounds. If chlorcarbonyl is 
conducted into an alcohol, the corresponding chlorcarbonic 
ester is obtained : 



COCljj + OH3OH = HCl + Co/; 



OCH3 

CI 

Chloi-carbonlc 
methylester 



The chlorcarbonic esters exchange their chlorine very easily 
for other atoms, or atomic groups, and are often used as a 
means of introducing the carboxyl group into compounds. 
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Sulpho-Substitution-Products of Methane. 

There are sulpho-deriyatives containing sulphur in place of 
the oxygen, which correspond to most of the oxygen derivatives 
of methane. 

Methyl mlphydraie, or methyl mercaptanyCKSi^, corresponding to the 
methyl alcohol, CH3OH, is a colorless liquid with a most unpleasant odor, 
boiling at 21 \ The mercaptans give with mercuric oxide a white crystal- 
line compound, from which their name* is derived. They are produced 
by the action of jwtassium, or sodium sulphydrate, on the alkylogens. 

Methyl sulphide, (CIl3)jS, corresponding to methyl ether, is a liquid 
with an unpleasant odor, boiling at 41^ Its production is analogous to 
that of the sulphydrates, but instead of the sulphydrate the sulphide is 
used. 

Methyl sulphaldehyde, CHaS, corresponding to methyl aldehyde. It 
polymerizes to three molecules, so that its proper formula is CjHflSj. It 
is obtained by the reduction of carbon disulphidc. 

Carbou Disulphide, CSg, corresponding to carbonic acid, COg. 
It is foimed when sulphur vapors are led over glowing coals. 
A colorless liquid, very refractive, with an uirpleasant odor 
and a sharp taste, boiling at 46''. Its sp. gr. is 1.27. It is 
easily inflammable, burning with a blue flame to carbonic and 
sulphurous anhydrides : 

CS2 + 3O3 = C02+2S02. 

It is insoluble in water, and miscible with alcohol, ether, 
fatty and essential oils. It dissolves bromine, iodine, sulphur, 
phosphorus, fats, etc. 

In the arts is considerably used as a solvent (extraction of oils, fats, 
and sulphur). It is also used in medicine. 

Nascent hydrogen converts it into methyl aldehyde : 

CSg -|- 2 Hg = CHgS -f- HgS. 

Between carbon disulphide and carbonic acid there stands a 



* "Corpus Mercurio Aptum." 
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compound, COS, Carhon Oxy sulphide. It is a colorless gas, and 
is produced by the action of Tcry concentrated acids (sulphuric, 
acetic), on potassium sulphocyanide. It is easily inflammable 
and is converted gradually by water, quickly by bases, into 
carbonic acid and hydric sulphide : 

COS + H20 = C02+H2S. 

Corresponding to the numerous salts (carbonates) and 
derivatives of carbonic acid, there are salts and derivatives of 
carbon disulphide. Carbonic acid in the free state appears 
always in the form of an anhydride, but considered in relation 
to its derivatives it has the formula C0(0H)2. In the same 
manner, the carbon disulphide must be considered' as an 
anhydride when in the free state. There are deduced from 
the latter two series of compounds, depending on whether the 

<SH /S IT 

^TT or CS<^ /-vTT. Finally there is a third, 

which stands nearer the carbonic acid derivatives than the 
second, CO<f qxt. We have then : 

<0 TT 
^ TT, trisulphocarbonic acid- series. 

<S IT 
QTT> disulphocarbonic acid series. 

<S IT 
QTT, monosuli)hocarbonic acid series. 

With the latter two series there are two isomers : 

o XT, isodisulphocarbonic acid series. 

CS<^QTT, isomonosulphocarbonic acid series. 

Chiefly the salts and ethers of these series are known ; e.g.y 

<SCH 
SOH^' trisulphocarbonic methylether. 
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a) The potassium salt of the first series is produced by mixing carbon 
disulphide with a solution of potassium sulphide : 

CSa + KaS = KaCSa. Potassium trisulphocarbonate. 

The ethers can be easily obtained from these salts by the action of the 
alkylogens. 

b) The potassium salt of the second series is obtained by mixing carbon 
disulphide with potassium hydroxide solution : « 

CSa + 3 KOH = HaO + KaCSaO. Potassium disulphocarbonafce. 

If, instead of an aqueous solution of potassic hydroxide, the alcoholic 
solution is used, the methyl-ethyl, etc. , salt of the disulphocarbonic acid 
is obtained, depending on the alcohol taken. By using methyl alcohol, 

QQo is formed. 

CSa + KHO + CH3HO = K(CH3)CSaO 4- HaO. 

These compounds are known as xanthic add compounds. The one 
given is potassium methylxanthate. From the xanthic acid salts, the 
esters may be produced by the usual methods. 

c) The esters of the third series are produced by the action of 6hlorcar- 

Xj ') on the potassium compound of the mercaptans : 
CO<^^p^» + CHaSK = C0<^^^^» + KCl. 

Chlorcarbonic- Potassinm Methylmono- 

methyl ester methyl mercaptid Bulpbocarbonate 

d) The esters of the fourth series are obtained by the decomposition of 
the sulphocyanic ethers (see later) with concentrated sulphuric acid. 

e) The esters of the fifth series are produced by the decomposition of the 
xanthic esters by means of alcoholic potassa :. 

^KoCh", -^ ^^^ = ^KoK^' "^ CH^SH. 

Methyl 
zanlhogcnatc 

The only free acids which are known are &ulphocarhonic acid, H9CS3, 
CS<^gjT, a reddish-brown unstable oil, and disulphocarbonic acid, 

HaCSiO, CS<^()H' ^ <?oroix)und existing only at very low temperatures. 
Sulphocarbmiyt chloride, carbon sulpJiochloride, CSCla, corresponding 
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to carbonyl chloride, COCla, is obtained by the action of chlorine on car- 
bon disulphide. It is a reddish liquid with a suffocating odor, boiling 
at 70'' . It polymerizes gradually when exposed to the light, and changes 
into colorless crystals melting at 112 \ 

Finally, a series of sulphur derivatives must be mentioned 
whicli have the same composition as the primary esters of 
sulphurous acid, but arc distinguished from them by the sul- 
phur being bound directly to the carbon, while in the others 
it is bound through oxygen. They are called sulplionic acids, 
and form crystalline salts soluble in water. 

<0H 
TT , there are two 

<OPlT 
jj ', primary 

methyl sulphite, or methyl sulphurous acid, and is an ester, or compound 
ether, because the methyl is bound to the sulphur by means of oxygen. 

<0H 
X§ , methylsulphonic acid. 

In the latter, the hydroxyl gi'oup of sulphuric acid is re- 
placed by a hydrocarbon rest. 

They are produced by digesting the chlorides, bromides, or 
iodides of the hydrocarbons with neutral ammonium sul- 
phite : 

CH3I + (NH JgSOa = CHgSOaNH^ + NH J, 
or by oxidizing the mercaptaus with nitric acid, 

CH3SH + 03 = CH3S03H. 

Methylsulphonic acid, CH3SO3H, and Metfiylene-sulphonic 
acid, CH2(S03H)g, are known in the pure state only in the 
form of their salts. 

By the oxidation of methyl sulphide, Methylsulphone, 
(CH3)gS02, is obtained. It has the constitution, 

0\q/CH3 
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We shall examine the sulpho-acids more thoroughly when we come to 
the aromatic compounds, for their suiphonic acids are of much greater 
importance. 



Nitrogen Substitution Products of Metliane. 

Next to the oxygen derivatives of the hydrocarbons; the 
nitrogen derivatives are the most important, even surpassing 
them in variety. Nitrogen as a tri-valent element can substi- 
tute three hydrogen atoms in one or more hydrocarbons ; 
in combination with H (as NH=^)', it can substitute two 
atom's of H in one or more hydrocarbons ; and, finally, in 
combination with two H's (NHg"), it can substitute one H 
atom in a hydrocarbon. 

It is evident that in these substituted hydrocarbons other 
substitutions may exist, hydroxyl in place of hydrogen, for 
instance ; as examples we have : 

1) Substitution of 1 N for 3 H's in a hydrocarbon : 

a) CH=N; b) C(OH)=N; 

2) Substitution of NH for two H's : ^ 

a) CH2=NH; b) CO=NH; 

3) Substitution of NHjj f or H : 

a) CH3-NH2 ; b) CHO-NHg. 

This class of compounds is more easily understood when we 
look at them from another point of view, that is, as derived 
from ammonia. 

In ammonia the three H's can be successively substituted : 
1) By mono-valent hydrocarbon rests (alkyl rests) : 

/H /CH3 /CH3 /CH3 

\h \h \h Xch' 

Ammonia Methylamine Dimethylaminc Trimetliyhmime 
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These bodies are called amines, or amine bases. They re- 
semble ammonia in every way, possess basic properties, unite 
directly with acids, as, for instance, 

. NH3HCI, ammonium chloride ; 
NH2(GH3)HC1, methylammonium chloride; 
NH(CH3)gHCl, dimethylammonium chloride ; 
. . N(CH3)3HC1, trimethylammonium chloride. 

It is even possible in these compounds to substitute the H 
of the acid by an alkyl rest, thus obtaining compounds such 
as N(CH3)4C1, tetramethylammonium chloride. In this last 
compound the chlorine, or halogen, atom can be replaced by 
hydroxyl, forming the compound N(0H3)40H, tetramethyl- 
ammonium hydroxide. 

Ammonia dissolved in water has also the formula NH4(0H), ammonium 
hydroxide, but such a compound cannot be isolated, because it fails at once 
into water and ammonia, NH4(0H) = NH3 4- H2O. If, however, the 
four H's of the ammonium hydroxide be substituted by alkyl rests (methyl), 
the compound becomes stable and can be isolated. 

2) The hydrogen of the ammonia can be successively sub- 
stituted by mono-valent acid rests. The hydroxyl of formic 
acid, HCO(OH), can, for instance, be replaced by NHg: 



N( H 


/CHO 

a) N^H 
\H 


/CHO 
b) N^CHO 
\H 


. /CHO 

c) N^CHO 

\CHO 


Ammonia 


Formamide 


Diformamide 


Triformamide 



These compounds are called amides. The last two have not 
yet been produced in the case of formic acid, but we shall 
meet them under acetic acid. The first amide still possesses 
weak basic properties ; for by the entrance of the acid rest the 
attraction of the ammonia for acids is almost neutralized. 

Amines are, then, substituted ammonias, in which the hydrogen is 
replaced by hydrocarbon rests, or, when we imagine the hydroxyl to be 
replaced by the amido-group, by alcohol rests. Amides are substituted 
ammonias in which the hydrogen is replaced by acid rests. 
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CH,(OH) CH,(NH,) 

Methyl alcohol Mcthylamino 

HCO(OH) HCO(NH,). 

Formic acid Fonnamide 

The group NH| is known as amidogen, or the amida-group ; NH, as 
imidogen, or the imido-group. 

If the organic rest combined with NH, contains another 
carboxyl group^ as is the case when in dicarboxylic acids only 
one of the carboxyl groups exchanges its hydroxyl for NHg, 
coni]K>unds arise wliich have a weak acid character ; for the 
introduction of the NHg has not the power to entirely overcome 
the acid properties. Such compounds are called amido-acitls 

or amic acids. In the compound i . oxalic acid, for 

^ CO(OH)' 

instance, one or both of the hydroxyls may be substi- 
tuted by the XH, group. In the first case an amido-acid 

CO-NH, . ^ , . ^, , .^ CO-NH, ^ 

I IS formed ; in the second, an amide i .In 

CO"OH CO"NHg 

<0B[ 
Q^ yields two such 

compounds, ^^\0H*^ amidocarbonic acid (carbamic acid, 

amidoformic acid), and CO<^-»^tt*, carbamide. 

Amides may also be deriTcd from the ammonium salts of 
organic acids by the subtraction of water : 

HCOONH^ - HgO = HCOCNHg). 

3) Two hydrogens of the ammonia can be substituted by a 
di-yalent rest, as, for instance : 

a) NH=CH2 b) NH=CO. 

Methyleno-imide Carbimide 

(not kuown) 

Compounds of this class are called iinides. There are but few 
known which contain the NH group united to hydrocarbon 
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rests consisting only of hydrogen and carbon, but of the sec- 
ond class there are many representatives. 

The group NH very frequently binds two carboxyl rests. Thus from 

cHrcooH cH.rco\ 

the compound i (succinic acid), the body i >NH (suc- 

einimide), is derived. The imides may be considered as deduced from the 
amides by the subtraction of NH3 : 

CO/SS* = CO=NH + NHa 

\J>l n.2 carbimide 
Carbamide 

CHrCO-NHa CHrco\^^„ ^^„ 

I =1 >NHh- NHs. 

cHrco-NHa CHrcox 

Succiuamide Succinimide 

From the amic acids they are derived by the elimination of water : 

C0/JJ5« = CO=NH +HaO 
\^^ Carbimide 
Carbamic acid 

I = I >NH + HaO. 

CHrco-OH cHrcox 

Succinamic acid Succinimide 

4) All three hydrogen atoms of the ammonia can be replaced 
by one tri-valent hydrocarbon rest: 

NECH K=C(OH). 

Pnispic acid Isocyanic acid 

(Formonitrile) (Carbouitrilo) 

Compounds of this class are called nitriles. 

Besides the nitrogen derivatives of the carbon compounds 
in which the nitrogen is m direct umon with the carbon, there 
are the esters of nitric and nitrous acids with alcohol rests. 
These have already been noticed. The nitrogen in them is 
bound to the carbon through oxygen. There is, however, a 
class of compounds derived from nitric acid, in which the 
nitrogen is bound directly to the carbon. 

The hydroxyl of nitric acid can be replaced by a hydrocar- 
bon rest in a manner analogous to the formation of sulphonic 
acids from sulphuric acid, (H0)N02, CHg'NOg. 
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Such compounds are called nitrocompounds. Their isom- 
erism with the nitrous esters is evident from the following 
formulas : 

CHa'O'NO, CHgNOg, Nitrous-methyl ester, derived from 

HO. NO. 
CHj'NOg, CH3NO2, Nitromethane, derived from HO. 

NO,. 

It is a characteristic property of all nitro-compounds that 
they are converted into amido-compounds by the action of 
reducing agents (nascent hydrogen): 

CHg'NOe + 3 Hj, = CHg'NHj, + 2 HjjO, 

Nitromethane Methylamine 

while the isomeric nitrous esters are reduced to ammonia and 
alcohol : 

CHj-O'NO + 3 H2 = OH3OH + NH3 + HgO. 

The nitro-compounds will be considered more at length imder the aro- 
matic series. 

Amines. 

a) Primary amines^ those in which one H of the ammonia 
is substituted by a hydrocarbon rest. 

b) Secondary ainines, those in which two H's of the 
ammonia are substituted by hydrocarbon rests. 

c) Tertiary amines, those in which all three of the H's of 
the ammonia are substituted by hydrocarbon rests. 

The primary amine bases resemble ammonia in every respect. 
They possess nearly the same odor, are strong bases, and their 
chlorhydric acid salts give with platinic chloride double salts 
difficultly soluble in water, viz., (CH3NH2 . HCl)2PtCl4. 

The secondary amine bases are very closely related to 
ammonia, and are also strong bases. They are less volatile 
than the primary amines, and their platinum chloride double 
salts are not so difficultly soluble. 
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The tertiary amine bases diverge still more in their chemi- 
cal properties from ammonia. Their platinic chloride double 
salts are easily soluble, and their boiling points lie higher than 
those of the secoijiary amines. All three classes of amines, 
however, unite directly with acids like ammonia, viz., HCl, 
HBr, HI, HNO3, HgSO^. 



NH3 . HCl ; CHgCNHg) . HBr ; (CH^gNH . HI ; 

Methylammoniam bromide Dimethylammoniuin iodide 

(0H3),N . HNOs ; CHjCNH j . H^SO^ ; 

Tiimethylammoniam Acia Methylammonium 

nitrate sulphate 

[(CH3),NH], . H,SO,. 



Neutral Dimethyl 
ammonium sulphate 

The amine is set free from these salts by an alkaline 
hydroxide : 

CH3(NH2) . HBr*+ KHO = CH3NH2 + KBr + H^O 
(CH3)2NH . HI + KHO = (CH3),NH + KI + H^O 
(CH3)3N . HNO3 + KHO = (CH3)3N +KNO3 + H2O. 

If, however, the fourth replaceable hydrogen atom in an 
ammonium salt is substituted by a hydrocarbon rest, the sub- 
stituted ammonium compound is obtained, viz., (CH3)4!NBr, 
tetramethylammonium bromide. Alkalis do not set the 
bases free from these salts. By treatment with silver oxide, 
however, abase, (CH3)N0H, tetramethylammonium hydroxide 
is formed. This compound does not show the properties of 
ammonia, but resembles potassium hydroxide completely in 
its behavior. It possesses basic properties of a marked char- 
acter, and forms salts by substitution. 

• "We shall now pass to the individual description of the 
amines. 

Methylaminey CHg^NHg, or CHgN", is a gas which at a few 
degrees below zero condenses to a liquid. It has a strong 
ammoniacal odor, blues litmus paper, is very soluble in water, 
forms white clouds with chlorhydric acid gas, combines with 
acids to form crystallizable salts, and yields a difficultly soluble 
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platinum salt (CHgN . HCl)2PtCl4. It is inflammable and 
burns with a yellow flame. 

.Ditnethylatninej {GK^)^^E.y or G^^^l^, is a colorless liquid 
With the odor of ammonia. It boils at 8°, 

Trimethylaminey (CH3)3N, orCgH^N, is a liquid boiling at 
9*^. It forms salts with acids. In nature, it occurs in many 
plants, as the common pigweed, the flowers of the pear-tree, 
hawthome, etc., and in the decomposition products of many 
animal and yegetable substances, yiz., pickled herrings and 
yeast. 

The salts of these amine bases are almost all soluble in water 
and alcohol. 

The behavior of the nitrous salts of the amines is worthy of attention. 
It is well known that amnionic nitrite, by merely boiling its water solu- 
tion, is decomposed into nitrogen and water : 

NH4 . NO, = Na + 2 HaO'. 

The nitrites of the primary amine bases behave in an analogous man- 
ner, their aqueous solutions being also decomposed on boiling. Instead 
of the formation of two molecules of water, however, one molecule of 
water and one molecule of alcohol are produced: 

N(CH3)H3 . NO2 = N, 4- CHaOH + HaO. 

In order to produce such a decomposition, it is only necessary to boil 
the solution of a salt of the amine with a solution of potassic nitrite. 

The secondary amine bases behave differently. If an aijueous solution 
of any of their salts is boiled with a potassic nitrite solution, a peculiar 
compound, the nitroso-derivative of the base is formed : 

N(CH,)aHa . NO, = HaO + N(CHa),NO. 

Methyluitroso-amine 

/CH, 
The constitution of this compound is N^— CHs 

\n=o. 

• 

The nitrites of the tertiary amines are decomposed with difficulty and 
yield finally the same nitroso-compounds as the secondary amines. 

The nitroso-amines yield on reduction with zinc dust and acetic acid the 
hydrazine compounds, viz., (CH8)2N.NO + 2 H, = HaO + {CH3)aN.NH2, 
dimethyl-hydrazine. 



Tetramethylammonium iodide^ (CHg)^^!, forms white crys- 
tals very difficultly soluble in alcohol. By digestion with 
moist silver oxide, the compound 

Tetramethylammonium hydroxide, {GK^)^ . OH, is ob- 
tained. White deliquescent crystals, with strongly basic 
properties, forming finely crystallizable salts. 



Formation of the Amines. 

The prtmafy amines are formed : 

1) By boiling the cyanic ethers with an alkaline hydroxide : 

CON-CH3 4- 2 KHO = KaCOa + CHs-NH,. 
Methyl cyanic Methylamine 

ether 

2) By reducing the nitro-compounds with nascent hydrogen : 

CH.-NOa + 6 H = CH3-NH, -f 2 H2O. 

8) By reducing the cyan-compounds with nascent hydrogen : 

HCN + 4 H = HaC . NHa. 
Cyanhydric 
acid 

4) (In the form of the halogen salts.) By the action of alcoholic am- 
monia on the chlorides, bromides, and iodides of the hydrocarbons : 

CH3I + NHs = CH3(NH2)HI. 

I%e secondary amines are formed by the action of the iodides (chlo- 
rides or bromides) of the hydrocarbons on the primary amines : 

CH3I + CH, . NHa = (CH3)aNH . HI. 

The tertiary amines are formed by the action of the iodides, etc., on 
the secondary amines : 

CH3I + (CH3)aNH = (CHs),N + HI. 

The substituted ammonium bases are formed by the further action of 
the iodides, etc., on the tertiary amines : 

CH3I + (CH3)3N = (CH3)4NI. 

It 'is hence possible to build up in this manner the completely substi^ 
tuted amines from the primary amines. 
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Bj the action of ammonia on the iodides, etc., of the hydrocarbons, not 
onlj the primary amines are formed, but also both the others, as, well as 
the substituted ammoniums. The reason of this is that all the different 
reactions take place at the same time. 

Amides and Amic Acids. 

When the hydroxyl group of a monobasic acid is replaced 
by the amido-group NHg, an amide is formed. Formic acid, 
HCOOH, giyes formamide, HC0(NH2). It is produced by 
heating formic ester with gaseous ammonia : 

CHOOCgH, + NH3 = CHO(NHg) + C^HgOH. 

Ethyl formic ester Fonnamide Alcohol 

Colorless liquid, easily soluble in water. Boils at 194°. 
Acids and bases convert it into formic acid and ammonia : 

CHO(NHg) + H2O = CHOOH + NH3. 

On distillation with anhydrous phosphoric acid, water is 
split off and the nitrile is produced : 

CHOCNHg) = CHK + HjjO. 

<0H 
QTT, and 

yields an amic acid and amide. 

Carhamic acid, carbaminic acid, C0<^ OH*' '^^^ ^^ ^^ ^^^ known 

in the free state. Its salts and esters, however, exist. The ammonia salt 
is formed on the contact of dry carbonic acid and ammonia gas : 

CO2 + 2 NH, = C0(0NH4)(NH,). 

Water decomposes the salt to ammonium carbonate : 
C0(0NH4)(NH2) + H,0 = (NHO.CO,. 

The esters of carbamic acid are called ureihanes, as, for 
example, methyl urethane, ^^\qq^ 9 which is formed by 
leading chlorcyan into methyl alcohol. 
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Carbamide, Urea, Co/^^^ = CH^NgO. 

Urea occurs in the urine of all mammiferous animals^ parti- 
cularly in that of the camivora. It is found also in the blood, 
liver, bile, lymph, and, in certain pathological conditions, in 
all the animal fluids. It is formed by the action of phosgen 
gas on ammonia : 

COClg + 2 NH3 = CO(NH2)8 + 2 HCl. 

And by heating ammonium cyanate : 

CON(NHJ = CO(NH2)2. 

In the latter case there is a shifting of the atoms, which is 
termed atomic migration. It is also formed from uric acid, 
creatinine, and urethane. 

It is usually made either from human urine or from ammonium 
cyanate. From the former it is obtained by evaporating to a thin syrup, 
and acidifying with nitric acid. The urea separates in the form of the 
difficultly soluble urea nitrate. From ammonic cyanate it is produced 
in the following manner : Potassic cyanate is boiled with ammonium 
sulphate, whereby potassic sulphate and ammonic cyanate are formed. 
The latter is then transposed into urea. 

Urea crjrstallizes in four-sided, rhombic, striated prisms, 
which fuse at 120° and decompose at a higher temperature. 
It is odorless, and has a bitter cooling taste like saltpetre. 
Water dissolves about its own weight of it at the ordinary 
temperature, suffering a considerable reduction of tempera- 
ture. At 100° it is soluble in all proportions in water. In 
alcohol it is easily soluble, in ether, almost insoluble. 

Its solution is neutral to test-paper. It combines with both 
bases and acids to form salts. 

With HCl : CONsH,, HCl. hydrochloride. 

With HNO3 : CONaH*, HNO3, nitrate. Difficultly soluble in water and 

nitric acid, and hence well adapted for the separation 

of urea from its solutions. 
With HgO : CON^H*, HgO, 
3 
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With sodium salts, as for instance, with NaCl : 

CON2H4 -h Naa + H,0. 

It unites further with many other salts, among which the compounds 
with mercuric nitrate and chloride deserve special mention. 

Decompositions of Urea. 1) Urea when heated to 
150°-170° evolves ammonia and passes into Muret, 

2CH,N,0, = C.HjNjO, +NH3. 
Biuret, /NH, forms colorless needles difficultly soluble in water. 

2) By the action of chlorine, urea yields cyannric acid (vide 
supra), ammonic chloride, chlorhydric acid, and nitrogen. 

If water is present, however, chlorine oxidizes it to carbonic 
acid, chlorhydric acid, and nitrogen : 

3 CH^NgO + 6 CI = C3H3N3O3 + JSTH^Cl + 5 HCl + N^. 

Cyannric acid 

3) Urea falls into ammonia and cyanic acid on heating 
with a solution of silver nitrate, or with phosphoric anhydride, 
or by itself : 

CONgH^ = CONH + NH3. 

4) Urea is converted into ammonium carbonate by heating 
with water at a high pressure, or by boiling with acids or 
alkalis : 

CON2H4 + 2 HjjO = (NH J2CO3. 

Urea suffers the same change rapidly and at ordinary temperature 
when putrefying substances, such as urine, are present. 

5) By the action of nitrous anhydride, urea is resolved into 
carbonic acid and nitrogen : 

CON^H^ + N2O3 = 00^ + 2 H^O + 2 Ng. 
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Urea can be estimated quantitatively by means of mercuric nitrate, 
which forms with urea a white insoluble precipitate : 

CH4NaO + 2 HgO + HNO3. 

The hydrogen atoms in urea can be replaced by mono-valent 
atomic groups. The greater number of the known compounds 
of this class, however, are substitutions of one or two atoms 
of hydrogen. The following are known : 

C0/^(^^») Methylurea, 

^^\NH(CH3) l>imethylurea, 

^^XNnf '^*^ Ethylurea, 

C^<!nS I^i^^hylurea, 



C^<nK^^O Triethylurea, 
^KnSh:!: Tetraethylurea, 
^^^CnH^ '^'^^ Acetylurea, etc. 



Substituted ureas may be produced : 

1) By heating' urea with amine bases, aci-chlorides, and acid anhy- 
drides : 

2) By boiling potassium cyanate with the sulphates of the amine 
bases : 

3) By the action of carbon oxy-chloride on the amine bases. 

The following compounds are also derived from urea : 
AllopJiamc acid, C0<^-^^ = CgH^NgOg, 

Biuret, . . . C0/5Jg"^^'^^« = C2H5N3O3 (v. s.). 

The esters of allophanic acid are formed when cyanic acid gas is led 
into an alcohol : 

2 CONH + CH,0 = CaHeNaOs = C0<^2i(.QQ(.g^ 

Sulphocariamic acid, sulphocarhaminic add, corresponding 
to carbamic acid, C0(OH)(NHg). The free acid is very 
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unstable. Its ammonium salt is obtained by the action of 
carbon disulphide on alcoholic ammonia. 

Sulphocarbamidey thiurea, ^^\nH^' corresponding to 
urea, CO<^^S*^ is obtained from ammonium sulphocyanate. 

Its formation is entirely analogous to that of nrea from ammonium 
cyanate : 

C0N(Nfl4) = CO(NH,)a 
Am. cyan. Urea 

CSN(NH4) = CS(NH,),. 

Am. Bulphocyan. Sulpho-urea 

Dry ammonium sulphocyanate is heated for some time at 140''. Only 
a part of it, however, is converted into thiurea. Sulphocarbamide crystal- 
lizes in long, colorless needles or prisms, fusing at 140\ It combines 
with acids like urea. 

The representative of the following group can be derived 
from urea by the replacement of the oxygen by the di-valent 
ammonia rest, the imido-group, just as thiurea is derived 
from urea by the replacement of the oxygen by sulphur. 

Imido-urca 

Gnanidine, Imido-urea, C(N"H)<^-^tt^ = CNjHg. Guanidine 

is produced by the decomposition of guanine. It is formed 
from cyanamide and ammonium chloride : 

CN(NHg) + NH^Cl = C(NH)/5{}' • HCl. 

Cyanamide \-'-^-'^2 

This manner of formation depends on an atomic migration similar to 
that occurring in the synthesis of urea : 

CONH +NH3 gives C0(NH3)a 
Cyanic acid Urea 

CN(NHO + NH, gives C(NH)(NH,),. 
Cyanamide Guanidine 
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It can also be produced by the action of iodocyan on am- 
monia, the reaction proceeding on two steps : 

CNI + NH3 = CNNH3 + HI, 

Iodocyan Cyanamide 

CNNHg + NH3 = C(NH)(]!fHj)j. 

Cyanamide 

The ammonium sulphocyanate first changes into thiurea, then splits off 
HsS and passes into cyanamide, which, with the ammonium sulphocyanate, 
is transposed into guanidine sulphocyanate : 

1) CSN . NH4 = CS(NHa)«. 
Ammonium Thiurea 

sulphocyanate 

3) CS(NH2), = H.,S + CN(NH,). 

Cyanamide 

3) CN(NHa) -h NH. . HSCN = C(NH)(NHa)a . HSCN. 

Guanidine sulphocyanate 

■ 

Guanidine is a colorless, easily soluble, and crystalline body, 
with strong basic properties. It takes up carbonic acid from 
the air. The nitrate CHgNj . HNO3 is difficultly soluble. 

The Nitrile of Methane. 

The nitrile and its derivatives, among which are the imido-compounds, 
form a large, important, and well defined group. The fundamental com- 
pound has the composition HON, and as the H can be substituted by 
many other atoms and atomic groups, it is convenient to consider it as a 
compound of the mono-valent group CN with H. The group CN*is called 
the cyan-group, and is often written Cy. 

Cyanhydric Acid, Hydrocyanic Acid, Frussic acid. HON, or 
HCy. Cyanhydric acid does not occur in the free state in 
nature. It is a decomposition product of certain highly con- 
stituted compounds which occur in the kernels of peach and 
cherry-pits, artd the flowers of the amygdalese, etc. 

The potassium compound, KCN", is formed from its three 
elements when they are subjected to a very high temperature. 
By passing ammonia over glowing carbon, the ammonium salt 
is obtained. Cyanhydric acid can, hence, be produced from 
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inorganic substances. The ammonium compound is also 
formed by heating ammonium formate : 

2 CHOgCNH J = CN(NH)^ + CO + 3 H^O. 

Sodium cyanide is formed when nitrogenous substances are 
heated with sodium (qualitative test for nitrogen). 

Ammonium cyanide is also formed by passing a mixture of 
the vapors of chloroform and amtaonia gas through a tube 
heated to 300° : 

OHCI3 + 5 NH3 = CN(NH J + 3 NH4CI. 

Ammonium 
cyanide 

If potassium hydroxide is added to a solution of a chloroform and 
alcohol in ammonia, a violent reaction takes place at ordinary tempera- 
tures, and potassium cyanide is formed : 

CHCI3 + NH, + 4KH0 = CNK 4- 3Ka + 4HaO. 

Potassium 
cyanide 

Oyanhydric acid is manufactured from potassium ferrocyanide, a com- 
plicated cyanogen compound, K4Pe(CN)6, and dilute sulphuric acid. 10 
parts of the ferrocyanide are mixed with 7 parts of sulphuric acid and 
15-20 parts of water, and the whole distilled. A dilute cyanhydric acid 
is obtained, which is freed from water by means of calcium chloride. 

Cyanhydric acid is a colorless liquid, boiling at 27° and solid- 
ifjring at —15°. It ismiscible with water, alcohol, and ether, 
and burns with a blue flame. It is extremely poisonous. In 
a dilute state its odor, which resembles that of bitter almonds, 
causes giddiness and a disagreeable roughness in the throat. 
It soon decohiposes on standing. Its solution in water is more 
stable, particularly when a drop of sulphuric acid, or a small 
piece of phosphorus is added to it. Ghlor- brom- and 
iodohydric acid gases combine with it, forming solid white 
compounds. 

Although cyanhydric acid scarcely reddens litmus paper, it 
is a wellrdefined acid, its hydrogen being easily replaced by 
metals. Its most important salts are : 
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Fotassinm Cyanide, KON, or KCy. This salt is produced by 
fusing anhydrous potassium ferrocyanide under exclusion of 
air^ with or without the addition of potassium carbonate. 

The potassium cyanide thus obtained is not pure, as it contains potas- 
sium cyanate and carbonate, but it can be used for most purposes. Pure 
potassium cyanide can b3 made by passing cyanhydric acid into an 
alcoholic solution of potassium hydroxide. The potassium cyanide, which 
is insoluble in alcohol, is precipitated. 

Potassium cyanide crystallizes in cubes, is easily soluble in 
water, deliquescent when exposed to the air, and almost insolu- 
ble in absolute alcohol. Its aqueous solution decomposes 
rapidly, potassium and ammonium formates and a brown 
amorphous mass being produced : 

KCN + 2 HjjO = CHKO, + NH,, 

Potassium cyanide always has the odor of cyanhydric acid, 
because the carbonic acid contained in the air sets the acid 
free. In a dry state it is very stable. When heated, so long 
as it is not exposed to the oxygen of the air, or when the air 
is excluded, it can be fused and even volatilized ; by beating in 
the presence of air, however, it is decomposed into potassium 
cyanate : 

CNK + = CKOK. 

Metallic oxides act in the same manner, but more energeti- 
cally. Fused with sulphur, or sulphides, it yields potassium 
sulphocyanate : 

CNK + S = ONSK. 

Owing to its power of taking up oxygen, it is a powerful 
reducing agent. It is largely used in the arts. 

Ammonium cyanide, (NH)iON, is formed by the action of ammonium 
chloride on potassium cyanide. It sublimes at 86° and is extremely 
poisonous. 

Silver cyanide, AgCN, is obtained by the precipitation of potassium 
cyanide with silver nitrate. It is insoluble in water and nitric acid, 
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soluble in an excess of potassium cyanide, forming a crystalline double 
salt, CNAgCNK, soluble in water. The double cyanides of silver, gold, 
and nickel are employed in electro-plating. 

Mercury cyanide, Hg(CN)a, is obtained by dissolving mercuric oxide in 
aqueous eyanhydric acid. Finely crystallizable salt, soluble in water. 

If a solution of potassium cyanide is boiled with a solution 
of a ferrous salt, e. g., with ferrous sulphate, a peculiar com- 
pound of ferrous cyanide and potassium cyanide is formed, 
Fe(CN")2 + 4 KCN. This body is not a double salt of the two 
cyanides, and reagents do not decompose it into the respective 
cyanides. The six cyan-groups are intimately united with 
each other and with the iron, forming an atomic complex 
which possesses four free attractive energies, satisfied in the 
above case by four potassium atoms. The potassium in this 
compound can easily be replaced by other metals, or it can be 
replaced by hydrogen atoms, giving rise to a compound which 
in all its properties ia a well-characterized acid. 

The tetra-valent group, Fe(CN)4, is termed ferrocyan, or 
prussan, and for the sake of brevity is often written Cfy. 

Potassium Ferrocyanide, Yellow Prussiate of Potash, 
K4Fe(CN)5, forms the starting-out point for the production 
of all cyanogen compounds. Its formation from potassium 
cyanide has already been given. 

It is prepared on a large scale by melting together in large iron pots 
crude potassium carbonate (potash), animal waste (horn, leather, blood, 
etc.), and iron scrap, then cooling, lixiviating, and crystallizing. By the 
fusion of the above substances, potassium cyanide is formed from the car- 
bon and nitrogen existing in the animal matters. The potassium sulphate 
which exists in the potash is reduced by the iron, forming ferrous sulphide. 
On lixiviation these two compounds react on each other, forming potassium 
ferrocyanide and sulphide : 

FeS + 6 KCN = K4Fe(CN)« + K,S. 

Totassium ferrocyanide crystallizes in yellow quadratic 
prisms with three molecules of water : K4Fe(CN)g + 3 HgO. 
It is stable in the air, soluble in four parts of Water, and insol- 
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uble in alcohol. It is not poisonous. At 100° it loses its 
water slowly, becoming white, but on exposure to the air it 
gradually regains its water of crystallization and its color. At 
a temperature near the red heat it fuses and decomposes into 
potassium cyanide, carbon, iron, and nitrogen : 

K^reCCN)^ = 4 KCN + 2 C + Fe + Ng. 

By heating with concentrated sulphuric acid, carbonous 
oxide is evolved : 

K^Fe(C]Sr)c +. 6 HgSO^ + 6 HgO = 2 K^SO^ + FeSO^ 

+ 3(NHJ2S0^+6C0. 

Heated with dilute sulphuric, however, cyanhydric acid is 
set free, and potassium ferrous ferrocyanide, an insoluble 
compound, is formed : 

2K4Fe(CN)«+3H8SO^=3K2S04+K2Fe2(CN)e+6C]SrH. 

In the former case the cyanhydric acid as it is formed breaks 
into carbonous oxide and ammonia : 

CHN + H^O = CO + NH3. 

Oxidizing agents, such as an aqueous solution of chlorine, 
abstract from two molecules of potassium ferrocyanide two 
molecules of potassium, torming potassium ferricyanidey or red 
prussiate of potash. 

2K^Fe(CN)e + Cl8 =2KCl + K,Fe8(CN),2. 
Nitric acid converts the yellow prussiate into potassium nitroprusside : 

K4Fe(CN)e + 3 HNO3 = K2Fe(CN)5(NO) + 2KNO3 + CO2 + NH,. 

By the action of dilute acids, the potassium in potassium ferrocyanide 
is replaced by hydrogen, forming 

Hydroferrocyanic acid, H4Fe(CN)fl. This body is a strong acid in 
which the four basic hydrogen atoms can be replaced by the same or dif- 
ferent metals. On exposure to the air it rapidly turns blue, owing to the 
formation of Prus§ian blue. 
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Ferric Ferrocyanide, (Fe^ ) g [Fe(CN") ^ ] 3 , Frussian Blue. This 
salt is formed by the action of a soluble ferrocyanide on a 
soluble ferric salt, as ferric chloride : 

SK^FeCye + SFegCl. = (Fe,),[Fe(CN)e]3 + 12KC1. 

It is a dark blue compound, insoluble in water and dilute 
acids, but soluble in an excess of potassium cyanide, or oxalic 
acid solutions. Its formation is a characteristic test for the 
presence of a ferrocyanide, and since all cyan compounds can 
be converted into potassium ferrocyanide (by boiling with 
potassium hydroxide and ferrous sulphate), it serves as a gen- 
eral test for the presence of cyan compounds. 

Ferrous salts give with soluble ferrocyanides a white precipitate, which, 
when exposed to the air, turns blue, owing to oxidation. 

Copper salts give a characteristic reddish brown precipitate of euprie 
ferrocyanide. 

Potassiam Ferricyanidc, Red Prussiate of Potash, 
KgFe2(C]S')i2, is obtained by leading chlorine into a solution 
of potassium ferrocyanide. It forms deep red crystals, easily 
soluble in water but insoluble in alcohol. It yields a deep 
blue precipitate with ferric salts, called TurnhulVs blue, re- 
sembling Prussian blue very much. It colors solutions of 
ferric salts brown, but does not precipitate them. 

Hydroferricyanic add, H6Fe2(CN)i2, is formed by the action of acids on 
potassium ferricyanide. Brownish deliquescent needles, quickly turning 
blue on exposure to the air. 

Nitroprv^ide compounds, as already stated, are formed from the ferrd- 
cyanides by the action of nitric acid. The sodium salt, NaFeCyB(NO), is 
the most important. It crystallizes in beautiful ruby rhombic needles. 
Soluble nitroprussides are a most extremely delicate test for soluble 
sulphides, giving a purple red color with them, which, however, soon fades 
out. 

Corresponding to the ferrocyanides there are series of compounds in 
which the iron is replaced by manganese, chromium, and cobalt. 

Potassium manganocycmide, K4MnCye + 3HaO, deep blue quadratic 
tablets. Potassium m^nganicyanide, KaMuaCy 1 a, deep red rhombic prisms. 
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Both of these compounds are easily decomposable. Potciaaium ehromi- 
cyanide, KeCraCyia, bright yellow prisms, also easily decomposable.' The 
most stable of this series are the cobalticyanides, of which potassium 
eobalticyanide, K6Co3(CN)i2, crystallizing in yellow prisms, and hydro- 
cohalticyanic acid, H«Co2(GN)i3, forming white fibrous crystals, are the 
most prominent. 

The H in cyanhydric acid can be substituted, not only by 
metals, but also by the halogens: — chlorine, bromine, and 
iodine. 

ChlorcyaUy cyanogen cJiloride, CNCl. There are two modi- 
fications of this body, one a solid and the other a liquid. 
The difference between them lies in their molecular weight, 
the liquid one having the formula CNCl, while the solid is 
three times as large, C3N3CI3. 

Chlorcyan, CNCl, is obtained by acting on mentury with chlorine at 
—7**. It is a colorless liquid, boiling at 15®. When pure, it will keep for 
a long time unchanged, but when impure it soon passes into the solid 
chlorcyan. 

Tri-ehJorcyan, CaNaCU, is formed from the preceding compound; or 
it can be made by passing chlorine into anhydrous cyanhydric acid 
exposed to direct sunlight. . It crystallizes in needles or leaflets, which 
fuse at 145° and boil at 190°. It is very poisonous. 

Mercuric cyanide treated with bromide yields bromcyan, CNBr. Long 
needles, boiling at 150°. 

With iodi ne, mercury cyanide forms iodocyan, CNI. Fine white needles,- 
which sublime at 45°, possess a penetrating odor, and are poisonous. 

The chlorine, bromine, and iodine in the cyan compounds can easily be 
replaced by mono-valent atomic groups : 

2 KHO -h CNCl -^ KCl + CN(OK) + HaO 

Potassium 
cyanate 

2 NHs + CNCl = NH4CI + CN{NH,), etc. 

Cyananiide 

The H in cyanhydric acid can also be replaced by alcohol 
rests, thus giving rise to cyanic ethers. A difference in the 
binding of the atoms of cyanhydric acid, which has as yet not 
appeared in the compounds so far considered, must now be 
mentioned. 
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It U a well-known fact in inorganic chemistry that nitrogen 
acts both as a tri-valent and penta-valent element. Cyan- 
hydric acid may be considered, therefore, not only as a com- 
pound in which a tetra-valent carbon atom holds together a 
tri-valent nitrogen atom and a mono-valent hydrogen atom, 
H"C=N, but as one in which a penta-valent nitrogen atom 
binds a tetra-yalent carbon atom and a mono-valent hydrogen 
atom, H~N=C. In the former case, the hydrogen is bound to 
the carbon, forming a CH-gi'oup, which is united to the nitro- 
gen ; while in the latter, the H is bound to N, forming an 
NH-group, which is united to carbon. Cyanides most prob- 
ably consist of a mixture of both of these modifications, 
which, on account of the great similarity of their reactions, 
have not as yet been sepamted. In "the compounds of cyan 
with hydrocarbon rests, however, the isomerism is very marked. 

Cyanmethylj Methyl Cyanide^ H3C"C=N = C2H3N. The 
CH3 is bound to the C of the cyan. It is formed by the dis- 
tillation of potassium methylsulphate with potassium cyanide ; 
or by digestion of methyl iodide with potassium cyanide : 
CH3I + KCN = CH3CN + KI. 

It is a liquid boiling at 82°, with an ethereal odor, and miscible with 
water. On boiling with acids or alkalis, it falls into acetic acid and 
ammonia : 

H.C-CN 4- KHO + HaO = HaC'COaK + NH,. 

Potassium acetate 

It is also produced by the action of dehydrating agents on acetamide. 
Phosphoric anhydride, for instance, extracts a molecule of water from 
acetamide : 

CaHaONHa - HaO = C.H3N. 

Acetamide Metliyl cyanide 

It is hence also called aceto-nitrUe. Sodium converts it into the poly- 
meric methyl eyanurate, or kyanmethyl, (CH3"CN)s, a basic compound 
fusing at 180°. 

Methylcarbylamine, Methyl Isocyanide, HgC'NC (the CH3 
is bound to the N of the cyan). It is formed by the action of 
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one molecule of metliyliodide on two molecules of silver cyan- 
ide. A double compound of methyl cyanide and silver cyanide 
is first formed, which is decomposed by the potassium cyanide. 
By the distillation of j^otassium methylsulphate with potassium 
cyanide, it is produced together with the normal methyl cyan- 
ide. It is also obtained by digesting chloroform with methyl- 
amine in the presence of potassium hydroxide : 

CH3NH2 4- CHCI3 = CH3NC -f 3HC1. 

This is the same reaction as the one by which cyanhydric acid 
is formed from chloroform and ammonia (p. 54). If instead of 
ammonia the methylated ammonia (methylamine) is taken, a 
methylated cyanhydric acid (methyl isocyanide) is produced 
instead of cyanhydric acid. 

Methyl isocyanide is a liquid boiling at 59"", It has a most disagree- 
able odor, and is not miscible with water. It is hardly acted on by 
alkalis, but acids decompose it easily into methylamine and formic 
acid : 

HaC"NC + HCl + 2 HaO = HaCNHa . HCl + CHaOa. 

It is well known that cyanhydric acid, by taking up two molecules of 
water, falls into formic acid and ammonia : 

HCN + 2 HaO = HCOOH + NH,. 

Both the methyl cyanides, or methylated cyanhydric acids, suffer the 
same decomposition, the one by the action of alkalis, the other by acids. 
In the case of methyl cyanide the products of the decomposition are methyl- 
ated formic acid (acetic acid) and ammonia, while from the methyl iso- 
cyanide, formic acid and methylated ammonia (methylamine) are formed : 

HaC-CN + 2 HaO = HsC-COOH + NHs. 

Methyl cyanide Acetic acid 

HaC-NC 4- 2 HaO = HaC-NH -h CHOOH. 

Methyl isocyanide Methylamine Fonnic acid 

The cause of this difference in the reactions is that in methyl cyanide 
the methyl is bound to the carbon, while in the methyl isocyanide it is 
bound to the nitrogen of the cyan. The binding is not broken in the 
reaction. 
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All cyanides are decomposed by boiling with acids or alht* 
lies. Normal cyanides yield adds of higher carbon content 
and ammonia. Isocyanides give formic acid and amine bases. 

Oompounds of Cyanic Acid. 

There are two series of cyanic acid compounds. The first 
is derived from carbimide, CONH, the second from cyanhy- 
droxyl, CNOH. In the first series the is bound to the C 
by both its bonds, and the N by two. The third bond of the 
N is satisfied by an H. In the second series the N^ is bound 
to the C by its three bonds, and by one bond. The second 
bond of the is satisfied by an H. The first series comprises 
the normal cyanic acid compounds, the second, the isocyanic 
acid compounds. 

Cyanic Acid, CONH, is. a gas with a piercing odor. Under 
0° it condenses to a liquid. With water it soon breaks into 
carbonic acid and ammonia : 

CONH + HgO = COjj + NH3. 

It changes easily into a polymeric solid porcelain-like mass called 
eyamelid. Cyanic acid is formed by heating cyanuric acid. 

Cyanuric Acid, C3O3K3H3, has a molecular weight three 
times as great, as cyanic acid. It is obtained by the action of 
water on solid chlorcyan : 

C3N3CI3 + 3 HgO = C3O3N3H3 + 3 HCl. 

And also by heating urea saturated with chlorhydric acid 
to 150°: 

3 co(]srH)2 = C303]sr3H3 + 3 NH3. 

The acid crystallizes with two molecules of water. 

Cyanic acid is monobasic. Cyanuric acid is tribasic, and forms three 
series of salts. 
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Potassium Cyanate, CONK, is obtained by fusing potassium 
cyanide with minium, Vh^O^. It crystallizes in thick short 
needles or leaflets, and is easily decomposed into potassium 
carbonate and ammonia : 

CONK + 2 HjjO = KHCO3 + NHs. 

Potassium Isocyante, CNOK, is formed by the action of 
potassium hydroxide on iodocyan : 

CNI + 2 KHO = CNOK + KI + HjjO. 

It crystallizes in fine felted needles. 

Ammonium Cyanate, C0N(NH4), is produced by mixing 
cyanic acid gas and ammonia gas. By boiling with water it 
is transformed into urea : 



• CON(NHJ = CO<^Jg*. 



Meihyl cyanic ether, CONCCHs), is formed, together with methyl cyan- 
uric ether, by the distillation of potassium methylsulphate with potas- 
sium cyanate. It is a very volatile nquid, possessing a powerful odor, 
which causes weeping. By the action of ammonia, methylurea is pro- 
duced : 

CON(CH,) + NH, = C0<^^(^°»). 

It is converted by boiling with potassium hydroxide solution into 
methylamine and potassium carbonate : 

CONCCHa) -F 2 KHO = KaCOs + CHaCNHJ. 

Methyl iaocyanic ether, CN"0(CH3), is produced by the action of 
sodium methoxide on chlorcyan : 

CNCl + CHsONa = CNOCH3 + NaCl. 

Methyl eyanuric ether, C303N8(CH3)3, is polymeric with methyl cyanic 
ether. It is a white crystalline, compound, fusing at 175" and boiling at 
295°. On boiling with potassium hydroxide it also yields methylamine. 

Corresponding to the two series of cyanic acid compounds 
there are two series in which the oxygen is replaced by sul- 
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phur, viz., the sulphocyanic acid and isosulphocyanic acid 
compounds. 

Sulphocyanic Acid, CN"SH, is an oily liquid with an odor 
resembling acetic acid. It breaks very easily into cyanhydric 
acid and persulphocyanic acid. C^Ns^s^s* 

Potassiam Sulphocyanate, GN'SK, is obtained by fusing potas- 
sium cyanide with sulphur. It crystallizes in prisms resem- 
bing nitre, is deliquescent, and very easily soluble in water 
with considerable reduction of temperature. Soluble ferric 
salts give a red color with it even in very dilute solutions. 

Ammonium Solphoeyanate, iN'H^SCN, is formed on bringing 
together carbon disulphide and ammonia : 

CSjj + 2 NH3 = CSN(NH J + HjjS. 

Colorless deliquescent tablets, easily soluble in water and 
alcohol. At 140° it is partially decomposed into thiurea : 

CSN(NH^ = CS<^gg«. 

At 180**, however, it passes into guanidine sulphocyanate 
(p. 53). 

The ethers of the sulphocyanic acids bear different names. 
Those of the normal sulphocyanic acid, CN"SH, are called 
sulphocyanic ethers, but those of the isosulphocyanic acid 
are known as mustard oils, or thio-carh-alkylamines. 

Methyl mlphoGyanie ethevy CN(SCH8), is made by the action of potas- 
sium methylsulphate, or methyl iodide, on potassium sulphocyanate. It 
is a colorless liquid, boiling at 133"*, with the odor of leeks. Nascent 
hydrogen converts it into cyanhydric acid and methyl mercaptan : 

CNSCHs + 2 Ha = CH,S + CHsNH,. 

On heating to 130° it passes partly into the polymeric compound, 
methyl sulphocyanuric ether, a crystalline body fusing at 188°, and partly 
into the isomeric methyl mustard oil. 

Methyl mustard oil^ methyl thiocarhylaminey CS(NCH8), is formed 



from the methylamine salt of methylsulphocarbamic acid (obtained by 

bringing together carbon disulphide and methylamine), CS<^NHrCH ) * 
and mercuric chloride : 

CS<^|h^(Ch'3^ + HgCU = CSN(CH,) -f- HgS 
+ CH5N . HCl + HCl. 

It is a white crystalline compound, fusing at 34"" and boiling at 119°. 
It has the piercing odor of horse-radish. Nascent hydrogen converts it 
into methyl-sulphaldehyde and methylamine : 

CSNCHa + 2 Ha = CHaS + CHsNHa. 

If the H of cyanhydric acid is replaced by a cyan group, we 
obtain : 

Cyan, or Cyanogen, CN'CN, or CgNg. It is produced by 
heating mercuric or argentic cyanide, or by heating ammo- 
nium oxalate, or oxamide, with a dehydrating agent, as phos- 
phoric anhydride : 

C,0,(NHJ,-4H,0 = C2N2, 

Ammonium Cyan 

oxalate 

C,0,(NH,),-2H,0 = C,Ng. 

Oxamide 

It exists in the gases of the blast furnace. 

Inversely, the aqueous solution of cyan takes up water and passes 
gradually into ammonium oxalate : 

CaNa + 4 H,0 = Ca04(NH4)a. 

Cyan is a colorless gas with a suffocating odor. It con- 
denses to a liquid at —25°, is combustible and burns with a 
red flame. 

Its aqueous solution decomposes rapidly with the separation of a 
brown amorphous mass known as azulmic acid, C4N4H4OS ; ammonium 
carbonate, cyanatQ, and oxalate are also formed. 

Mercuric cyanide when heated leaves a brown amorphous 
residue, the composition of which is the same of that of cyan^ 

6 
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but its molecular weight is not known. It is called par acy an, 
or para cyanogen. On being heated to a red heat it passes 
into cyan. 

By treating chlorcyan with ammonia we obtain 

Cyanamide, CN"NH„ or c/JJ, CN^Hg. 

CNCl + 2 NH3 = C]Nr(NHg) + NH^Cl. 

Giystallme compound fusing at 40*', soluble in water, alcohol, and 
ether. In ammoniacal aqueous solution it changes gradually into di- 
cyafidiamide, or pa/ram, (CN)2(NH3)j, which crystallizes in rhombic tablets 
fusing at 205*^, and is converted by acids into the basic dicffandicvmidine, 
CsN^HflO. Heated to 150° cyanamide passes into the trimolecular cyan- 
wamide, CsN3(NH3)«y or melamifie, which crystallizes in octahedrons. 

Between melamine, (CN)3 (NHJs, and cyanuric acid, (CN)a(0H)3, 
stands ammelinej (CN)3(NH3)30H, which is obtained Jt)y the action of 
potassium hydroxide on melamine : 

(CN)8(NHa), + KOH = (CN).(NH3)30K H-NHa. 

PotaBsium ammelide 

Among the nitro-compounds of methane we shall consider 
the following : 

Nitromethane, CHg'NOg, is formed by the action of silver 
nitrite on methyl iodide. It is a liquid boiling at 101°. With 
nascent hydrogen it yields methylamine ; with sodium hydrox- 
ide, sodium nitrornethane is formed, CHglfaNOg. The latter 
is a white solid substance which gives with bromine bromnitro^ 
methane, CHgBrNOg, and with nitrous acid methylnitroUc 
acid, 0H(N02)]S"0H. 

By distilling methyl alcohol with a mixture of salt, nitre, and sulphuric 
acid, cMorpicrin, or nitrochloroform, CClaCNOg), is obtained. It is a color- 
less liquid boiling at 112", with a piercing odor. Its vapors cause* weeping. 
Nascent hydrogen converts it into methylamine. 

Nitroform, CHlNOa^s, is produced by the action of water on trinitro- 
methylcyanide. It forms cubical crystals, with a bitter taste and un- 
pleasant odor, which fuse at 15**, and explode violently when heated 
suddenly. Treated with a mixture of sulphuric and nitric acids there is 
formed 
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Tetra-nitromethane C(N02)4, a liquid solidifying at 13° and boiling 
at 136". It is neither combustible nor explosive. 

Fulminic add, nitrocyanmetJiane, CN^CHaNOa. The acid does not 
exist in the free' state, but its salts are well known, and the mercuric 
fulminate, in particular, is used as an explosive (percussion caps, etc.). 
Mercuric fulminate is produced by adding alcohol to a solution of mer- 
cury in nitric acid. It separates in prismatic crystals, which explode 
violently when struck. Silver fulminate can be obtained in a similar 
manner. By boiling mercuric fulminate with potassium or ammonium 
chloride, salts of fulminuric acid, CsHsNsOs, an acid isomeric with cyan- 
uric, are formed. 

The further substitutions, dinitrocyanmethane, CN"'CH(N02)2, and 
irinitrocyanmethane, CN~C(N02)3, are also known. 



Phosphorus Derivatives. 

There are compounds analogous to the amines, in which 
instead of the tri-valent nitrogen, we have a tri-valent phos- 
phorus. Such compounds are called phosphines. They do 
not possess the marked basic properties of the amines, i.e., 
they do not combine so easily with acids to form salts, in fact 
the hydrogen phosphide, from which they are derived in the 
same manner as the. amines from ammonia, has no tendency 
to form salts. The only salt which can be easily produced 
from it, phosphonium iodide, PH^I, is energetically decom- 
posed by water into iodohydric acid and hydrogen phosphide 
(phosphine). On the other hand, they have a strong tendency 
to oxidize, whereby the phosphorus passes from the tri-valent 
to the penta-valent state. Phosphines are formed by the 
action of hydrogen phosphide on alkylogens, the reaction 
being analogous to the formation of amines from ammonia : 

CH3I+ PHg = CH3PH3 . HI, 

2 CH3I + 2 PH3 = (CH3)2PH . HI + PH^ . I. 

Phosphonium iodide also acts on the alkylogens, iodohydric acid being • 
split off : 

CH3I + PH4I = CHsPHa . HI + HI. 
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The peculiar compounds formed by the oxidation of the phosphines 
are called phosphinie acids. The oxidation of the phosphines is easily 
understood when the fact is recalled that hydrogen phosphide is easily 
oxidized to phosphoric acid. The process of oxidation is the same in case 
of a phosphine, except that in the case of hydrogen phosphide all the H*s 
are oxidized to OH's, while in the phosphines the alkyl substitution is not 
oxidized : 

/H /OH 

P^H is oxidized to OIP^H 

\h \oh 

Phosphine Phosphoric acid 

yCH, /CH, 

Pf-H is oxidized to 0=Pf-OH 

\h \oh 

Methylphosphine Methylphosphinic acid * 

/CH, /CH, 

P^CH, is oxidized to 0=Pf-CH, 

\h \oh 

Dlmetbylpbosphine Dimethylpho^phinic acid 

/CH3 /CH, 

P^CH, is oxidized to 0=P^CH, 
\CHs \CH, 

Trimethylphoaphine Trimethylphosphinic oxide 

Phosphoric acid is a tribasic acid, methylphosphinic acid is a dibasic 
acid, dimethyl-phosphinic acid is a monoliasic acid ; trimethylphosphinic 
oxide is not an acid since it contains no hydroxyl. 

The oxidation is easily effected by means of fuming nitric acid. 

The phosphines are colorless liquids with unpleasant odors and strong 
refractive powers. They oxidize easily when exposed to the air, often 
taking fire, particularly when warm. Hence during their production 
and distillation the air must be kept excluded from them. 

Methylphosphine, CHsPHa. At ordinary temperatures it is a colorless 
gas with a very unpleasant odor somewhat resembling hydrogen phos- 
phide. By leading it into concentrated iodohydric acid, methyl-phos- 
phonium iodide^ CH3(PH9)HI, is obtained in white rhombohedrons which 
are decomposed by water into their constituents. Fuming nitric acid 
converts it into the dibasic methylphosphinic acid, CH3PO(OH)2. 

Dimethylphosphine, (CHs)9PH, is a colorless liquid boiling at 25°. It 
has a very disagreeable odor, and ignites when exposed to the air. Fuming 
nitric acid converts it into the mono-basic dimethylphosphinic acid. 

Trimdhylphosphine, (CH3)3P, is produced by the action of phosphorus 
trichloride on zinc methyl : 
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8 PCI, + 3 {CH8)8Zn = 2 (CR^hF + 3 ZnCl,. 

Colorless, strongly refractive liquid boiling at 40'. It unites easily with 
oxygen to (CH3)3PO, with chlorine to (CH,)aPCla, with bromine to 
(CH,)3PBra, with sulphur to (CH3)3PS, with selenium, etc. 
Trimethylphosphine unites with methyl iodide to form 
Tetra^methyl-phoaphonium iodide, (CH3)4POH, which by the action of 
silver oxide is converted into 

TetrcHnethyl-pJiosphonium hydroxide, (CH3)4POH. 

The analogies of the two series appear very distinctly on 
comparison with the amines. 

A compound is also known to which there is no corresponding nitrogen 
compound. Its constitution is analogous to that of methyl hydrazin, 
(CH3)8N~NH2. It is derived from the liquid hydrogen phosphide, and is 
called 

Phosphorus dimethyl, (CHg)^?^. Its constitution is either 
^TT*yP"P<^QTT^ derived from tri-valent phosphorus, or 

Qjj^ ^P=P<^ QTT^ from penta-valent phosphorus. Colorless, 

oily liquid boiling at 25°. 

The phosphinic acids are derived from phosphoric acid in 
the same manner as the nitro-compounds from nitric acid and 
the sulphonic acids from sulphuric acid. In these compounds 
the hydroxyl of the acid is replaced by hydrocarbon rests, 
vhile in the ei^ters, or compound ethers, only the hydrogen of 
the acid is replaced : 



HO"NO- gives 

Nitric acid 



Bolphiiric acid 



gives 



CHg-NOg 

Nitromethane 



so. and 



H<5. 

Methylsnlphonic 
acid 



% 



CH 
CH^ 

Methyisulphone 



8 



and CHg-O-NOg 

Meth'ylnitric ester 



» >S0. and 



CH,0 



k8>^ 



Methylsalphuric 
acid 



CH.O^ 
CH,0 



>S0 



9 



Hethylsulphorlc 
ester 
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H(K 

HO^PO gives 

Phosphoric acid 



rcH.x 

HO-^PO 



CH,0 



ho/ 



and 



do^po 

HO/ 



Methj'Ipbosphixlic 
acid 



Metfaylphosphoiic 

acid 

CH3O 



CH3\ 
CH.^PO and 

Dimetliy Iphoctphinic DImethy I phosphoric 
acid acid 



do/ 



CH.^PO 

chI/ 

Trimethylphos- 
phinic ozyd 



CH.Ox 
and CH.O^PO 
CH3O/ 

Trimethylphosphoric 
ester 



In the same manner, a hydroxyl of silicic acid can be replaced by 
alkyl rests : 

^3")^'^ yields HO'^^^* 
Silicic acid 

This compound, CHaSiOOH, on account of the tetra-yalence of the 
silicon, has been considered as acetic acid in which the carbon of the 
carboxyl group has been replaced by a silicon atom, and it has hence 
been called sUico-acetic acid. 



Arsenic Deriyatives. 

The methyl- and dimethyl-arsine derivatives of the tri- and 
penta-valent arsenic are not yet known. Analogous compounds 
have been produced, however, in which the hydrogen of the 
hydrogen ai'senide is replaced by chlorine. 

MonomethyUa/rsenic dichloride, CHsAsCla, liquid boiling at 183**. With 
chlorine it unites to monomethyl-arsenic tetracTdondey CHsAsCU. 

Dimethyl-arsenic cMoride, (CH3)2AsCl, liquid boiling at about 100'. 
By the action of chlorine it forms dimethyl-arsenic trichloride. 

(CH3)2ASC13. 

Trimethyl-arsine, (CH8)3As. Colorless liquid with an offensive odor, 
boiling at 120°. It unites with chlorine, bromine, iodine, oxygen, sulphur, 
etc., in the same manner of trimethylphosphine. 
Tetramethyl-araonium iodide, (CH3)4AsI. 
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TeiramethyUarsonium hydroxide, (CH3)4AsOH. 
The most important arsenic compound of methyl is 

PH \ yen 

Arsenic dimethyl, eacodyl, cH /'^^"'^^CH^' ^^ (CH3)4As2. It is 

produced by the distillation of equal parts of dry potassium acetate and 
arsenious anhydride. It is a liquid with an extremely disagreeable odor, 
boiling at 170°. When exposed to the air it fumes and ignites. By the 
slow action of oxygen, eacodyl oxide and cacodylic acid are formed. 

CcicodyUc oxide, alcarsine,^fj^\As''0~As<(^Qri^, is the chief pro- 
duct of the above distillation of potassium acetate and arsenious anhydride. 
It is an oil with an offensive odor, boiling at 150**. Exposed to the air it 
does not fume, but oxidizes slowly to 

CH \ 

Cacodylic acid, dimethyl-arsinic acid, qtt* ^AsO(OH). Large, odor- 
less, deliquescent prisms, fusing at 200". Its salts are crystalline. It cor- 
responds to the dimethylphosphinic acid. 

Methylarsinic acid, CH3AsO(OH)2, corresponding to methylphosphinlc 
acid, is also known, and is produced by the action of silver oxide on methyl 
arsenic dichloride, CHsAsCla. 

All of these arsenic derivatives are made from eacodyl. 

Antimony Derivatives. 

The compounds of methyl with tri- and penta-valent anti- 
mony possess still less basic character than the preceding 
derivatives. 

Trimethyl-stibine, (CHs)3Sb, obtained by the action of potassium anti- 
monide on methyl iodide : 

KsSb + 3 CH3I = 3 KI + (CH3)aSb. 

Colorless liquid boiling at 86°. With methyl iodide it unites to 

Tetramethyl-stibonium iodide, (CH3)4SbI, a hard crystalline mass which 
yields with moist silver oxide. 

Tetramethyl-btibonium hydroxide, (CH3)4SbO . H, white deliquescent 
crystalline mass with strong basic properties. 

Trimethylstibine iodide, (CH3)3Sbl8. Obtained by digestion of metallic 
antimony with methyl iodide. It crystallizes in needles or prisms, 

In a similar manner irimethyl bismuthine, (CH2)3Bi, is obtained by 
the action of methyl iodide on potassium bismuthide. The methyl com- 
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pound of boron, trimethyl horine, (CH«)sB, is also known. It is a color- 
less gas, with a sharp, peculiar odor. 

Compounds of Methyl with Metals. 

1) By the digestion of finely granulated zinc with methyl iodide, 
methyUzinc iodide, CHsZnl, a crystalline compound, is obtained, which^ 
by distillation, falls into zinc iodide and zinc methyl: 

2 CHaZnl = (CH3),Zn + Znla. 

Zinc methyl is a colorless liquid boiling at 46*", It has an unpleasant 
odor, and exposed to the air it ignites and bums with a greenish blue 
flame. Water decomposes i t immediately into methane and zinc hydroxide : 

(CH,)t,Zn + 2 H,0 = 2 CH* + Zn(OH),. 

2) By the action of methyl iodide on mercury, a crystalline compound, 
methyl-mercury iodide, CHsHgl, is obtained, while by the action of 
methyl iodide on mercury amalgam, mercury methyl, (CHs^iHg, is formed: 

2 CH J + NaaHg = (CH3)2Hg+ 2 Nal. 

Colorless liquid insoluble in water, boiling at 95°, and easily combusti- 
ble. Its vapors are very poisonous. 

8) Methyl iodide and magnesium filings give m^gr^esium methyl, 
(CH3)aMg, a liquid which has a strong odor and ignites on exposure to 
the air. 

4) By the action of zinc methyl on silicium chloride, tetramethyU 
silicium, (CHs)4Si, is produced : 

2 (CH,)a Zn + SiCl4 = (CH8)4Si + 2 ZuQ,. 

Colorless, easily combustible liquid, boiling at 30°. 

5) Methyl iodide and an alloy of tin and sodium yield tin tetramethyl, 
Sn(CH8)4. It is a liquid with an ethereal odor, boiling at 78°. 

6) Lead chloride and zinc methyl give lead tetramethyl, Pb(CHs)4. 
This compound proves the tetra- valence of lead. 

In conclusion, we will consider briefly some of the compound 
ethers, or esters, of methane. 

The method of producing methylsulphuric acid and methyl 
sulphuric ester have already received a passing notice. The 
methylsulphuric acid is formed by mixing carefully methyl 
alcohol and sulphuric acid. The excess of sulphuric acid is 
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removed by adding barium carbonate to the mixture diluted 
with water. Barium sulphate is formed and separates, while 
the methylsulphuric acid is transformed into the easily soluble 
barium salt. The barium sulphate is removed by filtration, 
and the barium methylsulphate obtained by evaporation of 
the solution. From the latter the methylsulphuric acid is set 
free by sulphuric acid. In the free state it is but little 
known. It forms long deliquescent needles, and its aqueous 
solution on heating breaks into methyl alcohol and sulphuric 
acid : 

^^g^SO, + H,0 = Ig^SO, + 0H3(0H). 

It is a monobasic acid, and forms with metals finely crystal- 
lizing salts, which are easily soluble. Its potassium and 
barium salts are frequently used instead of methyl iodide, 
bromide, or chloride for the production of other derivatives of 
methane, since the rest SO 4 H is easily substituted. By distil- 
lation of potassium methylsulphate with potassium cyanide, 
for instance, methyl cyanide and potassium sulphate are 
formed : 

^^^NsOg + KCN = CH3CN + K0^^^2 orKgSO^. 

Methyl Sulphuric Eatery rjH^O/^^** ^® formed by the 

distillation of a mixture of 1 part of methyl alcohol with 8 
parts of sulphuric acid. It is a colorless liquid boiling at 188°, 
and has the odor of garlic. 

Methyl Nitric Ester, CHgONOg, is formed by the distilla- 
tion of nitre aijd methyl alcohol with sulphuric acid. It is a 
liquid with an ethereal odor, boiling at QQ"", which at a higher 
temperature (150°) explodes violently. 

CH3OV 
Methyl boric eater, CH^O— ^Bo, is formed by the action of boron tri- 

CH.O/ 

chloride on methyl alcohol : 
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BoCl, + 8 CH,OH = (CH80)3Bo + 3 HCl. 

Colorless liquid boiling at 72\ With water it breaks into boracic acid 
and methyl alcohol : 

(CH,0),Bo + 8HaO = 3 CH3OH + Bo(OH)s. 

Methyl silicic ester, (CHsO)4Si, is produced from silicon chloride and 
methyl alcohol : 

4CH,0H + SiCl4 = (CH30)4Si + 4 HCl. 

Colorless liquid with an ethereal odor, b. p. 124°. With water it 
decomposes after some time into silicic acid and methyl alcohol. 

The three esters of phosphoric acid with methyl have already been men- 
tioned : 

CHsOx CHsOx CHsOx 

HO-^PO, CHsO-^PO, and CH,0-:^PO. 

ho/ ho/ CHsO/ 

Methylphosphoric DimethylphQgphoric Mcthylphosphoric 

acid acid eetcr 

The compounds which have thus far been considered contain 
only one atom of carbon, or contain several atoms of carbon 
which are not directly connected, as, for instance, methyl ether, 

HgC'O'CHa, and trimethylamine, ^ 1 ^. Only two 

CH3 

compounds have been mentioned in which carbon is united to 
carbon. These were cyan, 1 , and cyanmethane, or aceto- 

CH 

nitrile, 1 *. These were considered in this group in order 

CN 

not to lose sight of their relations. We come now to the great 
classes of compounds which contain several atoms of carbon 
directly united. 

We can imagine a hydrogen atom of methane to be replaced 
by the methyl group, thus forming the compound, CH3-CH3, 
dimethyl, from which derivatives may be produced in the 
same manner as the methyl compounds from methane. 
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Ethane Compounds. 

Hydrocarbons. 

1) The two carbon atoms are united by a simple binding. 

Ethane, Dimethyl, CHj'CHg, CgH^, is formed by the action 
ol water on zinc-ethyl : . 

(CjjHJ.Zn + 2 HgO = 2 C^H, + Zn(OH),. 

Or by the electrolysis of acetic acid : 

2 CHj'COOH = CjjHg + 2 COg + Hg. 

It is a colorless gas^ burning with a faintly luminous flame. 
By the action of chlorine the hydrogens are substituted by 
chlorine : 

CH3-CH3 + Cljj = CH,"CH,C1 + HCl. 

Ethyl chloride 

2) The two carbon atoms are united by a double binding. 

Ethylene, Olejiant Gas, CH2=CH2, C^H^. 

It is produced by heating 1 part of alcohol with 6 parts of concentrated 
sulphuric acid. The elements of a mcdecule of water are extracted from 
the alcohol : 

CH,-CHaOH = CH,=CHa + HaO. 

It is a colorless^ poisonous gas, with an unpleasant, sufFocat- 

76 
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ing odor, baming with a luminons flame. It combines 
directly with chlorine, bromine, and iodine : 

CH,=CH, + CI, = CHjCrCH.CL 

In the presence of platinam black it unites with hydrogen 
to ethane : 

CHj'CHg + Hj = CHj CH3. 

With OTjgen it forms a oompoimd, ethylene oxide, HsC'CHt, which is 

O 
isomeric with aldehjde, CHs'CHO. 

3) The two carbon atoms are united by a triple binding. 
Aeetylene^ CH=CH, C^H,. 

It is formed directly from its elements, when electric sparks are passed 
between carbon poles in an atmosphere of hydrogen. It is also pro- 
duced when organic bodies are exposed to a high heat, e,g., when 
methane, alcohol, ether, etc., are passed through heated tubes, or when 
organic substances (ether, benzene,) are burnt with an insufficient supply of 
oxygen. It is present in small amounts in illuminating gas. It is made 
by boiling ethylene bromide with alcoholic potash : 

an,Br, + 2 KOH = CH^ + 2 KBr + 2 H,0. 

Or by passing ethylene chloride over heated lime. 

Acetylene is a colorless gas with a strongly offensiye odor, 
burning with a luminous smoky flame. With nascent hydro- 
gen it unites to ethylene. It combines directly with the halo- 
gens, forming CgHgClg and CgHgCl^, etc. 

A characteristic property of this compound is its absorption by an 
ammoniacal solution of cuprous chloride, Gu^CLi, or silver nitrate solu- 
tion, AgNOji. In the former case a red precipitate, CaCua -f- H2O, is 
formed, while in the latter a brown substance, CjAgj + HaO, is precipi- 
tated. Both of these compounds explode by heating or percussion. 

By leading acetylene over melted potassium, hydrogen is evolved, and 
the compounds C3HK and C^K^t are formed. In the presence of platinum- 
black, acetylene unites with hydrogen to ethane. 
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Halogen Substitations of Ethane. 

Ethyl Chloride, MonocMorethane, CHj'CHgCl, or CgHgCI, is 
formed by the action of chlorine on ethane. It is made by 
the action of gaseous chlorhydric acid on ethyl alcohol. It is 
a colorless liquid with a pleasant odor, boiling at 12°. Chlo- 
rine acts on it, forming higher substitution products. As has 
already been explained in the Introduction (p. 10), the higher 
substituted halogen deriyatives of ethane, owing to the 
distribution of the chlorine atoms, form two isomeric series. 

Ethyl Bromide, Moiiobromethane, CHj'CHgBr, or CgHgBr. 

It is produced by digesting ethyl alcohol with gaseous chlorhydric acid, 
or by dropping bromide into alcohol containing melted phosphorus. 

It Is a colorless liquid with a pleasant odor, boiling at 39°. 

Ethyllodide, Mono-iodo-ethane, CHj'CH^I, or CgHgl. 

To 1 part of amorphous phosphorus in 5 parts of alcohol, 10 parts of 
iodine are carefully added, the whole allowed to stand 24 hours and then 
distilled. 

It is a colorless liquid boiling at 72°. On exposure to the 
light it gradually turns brown. 

Ethylene Chloride, Ethene Chloridey Trichlorethane, Dutch 
Liquid^ CHgd'CHgCl. This substance is formed by expos- 
ing a mixture of chlorine and ethylene to sunlight. It is made 
by passing equal parts of chlorine and ethylene into boiling 
antimony pentachloride. It is a liquid with an odor resem- 
bling chloroform. It boils at 85°. With alcoholic potash it 
splits oif HCl : 

CH^CrCHgCl + KHO = CH2=CHC1 + KCl + H^O. 

Isomeric with it is 

Ethylidene Chloride, Ethidene Cliloride, Chlorethylidene, Chlo- 
rethidene, CHj'CHClg, or OgH^Clg. It is obtained as the 
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first product of the action of chlorine on ethyl chloride. - Col- 
orle88 liquid with a pleasant odor^ boiling at 57.5°. 

Mimo^hhr-ethylene chloride, CHsCl^CHCU. Liquid boiling at 115**. 
With alcoholic potash, an HCl splits out : 

CH,C1=CHC1, + KOH = CHCl=CHa + Ka + H,0. 

MofUHMor-ethylidene chloride, methyl chloroform, CHa'CCU, or 
GsHtCls. Boils at 75^. Alcoholic potash converts it into acetic acid : 

CHrCCl, + 4 KOH = CH,"COOK + 3 KCl + 2 HjO. 

Diehlorethylene chloride, dicMorethene chloride, CHsCla'CHCl,, boils 
at 147**, and by the action of KOH is converted into 

Diehlorethylidene chloride, dichhrethidene chloride, CHaCl'CCh, or 
C,H,Cl4. Boils at 127.5°. By the action of alcoholic KOH, CHCl" CCl, 
is also f onned. 

PeiUaehlorethane, CCla'CHCla. Boils at 158\ 

Perchlor ethane, Jtexachlorethnne, dCU, is the final product of the 
action of chlorine on ethyl chloride. It crystallizes in well-formed rhombic 
crystals, which fuse at 185", but boil at 184°, so that under the ordinary 
atmospheric pressure it sublimes without melting. By the action of weak 
reducing agents, as potassium sulphydrate, it falls into CaCli and CU. 
We see from the foregoing that alcoholic potash converts the higher chlo- 
rine derivatives of ethane into chlorinated ethylenes with elimination of 
HCl. 

The following is a list of the chlorine derivatives of ethane : 



Ethyl chloride B. p. 12 

Ethylene chloride B. p. 85 

Ethidene chloride B. p. 57.5 

Mono-chlorethylene chloride . . ... . . . B. p. 115 

Mono-chlorethidene chloride B. p. 75 

Di-chlorethylene chloride B. p. 147 

Dichlorethidene chloride . B. p. 127.5 

Pentachlorethane B. p. 158 

Perchlorethane B. p. 184 



o 
o 
o 
o 
o 
o 

o 
o 
o 



Ethylene Bromide, CH3"CHgBr, or CgHgBr, is obtained by 
shaking ethylene with bromine. It is a crystalline substance, 
fusing at 9"" and boiling at 129°. 
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Mhylidene bromide, ethidene hromidey CHs'CHBra, or CaH4Br2, is 
obtained from aldehyde, C2H4O, and phosphorus bromide. Colorless liquid 
boiling at 1 14°. 

Ethylene iodide^ CHal'CHjI, or C2H4I9, is produced by the union of 
ethylene and iodine. Colorless crystals turning rapidly yellow. Fuses 
at 73^ 

Ethylene also yields substitution products. 

MonoMor ethylene, CHa^CHCl, is formed by the action of potassium 
hydroxide solution on ethylene chloride. Boils at —18°. 

Dichlorethylenef CHC1=CHC1, is made from monochlorethylidena 
chloride. It boils at 37°. 

Trichlorethylene, CHCl=CCl8. Boils at 87°. 

Tefrachlorethylene, CCli=CCla. It is formed from CaCle and KSH. 
Boils at 117°. 

The corresponding bromine and iodine derivatiyes are known, and are 
formed by reactions analogous to the chlorides. 



80 C, GBOUP. — BTHAlfE COMPOUJTDS. 



Hydroxyl Substitatioiis of Ethane. 

Ethyl Alcohol, Alcohol par excellence. Spirit of Wine^ 
CHj'CHg'OH, or CgHgO. Alcohol forms the starting-out 
point for the production of all ethyl compounds. It is made 
commercially by fermenting grape sugar (glucose) with yeast, 
as will be described under sugar. The dextrose breaks into 
alcohol and carbonic acid : 



CcH,,Oe=2C,HeO + 2CO 



2- 



Alcohol is made fTotn materials containing starch (rye, rice, potatoes, 
com, etc.)» or sugar (beet-root molasses). Both the starch and the sugar 
are first oonyerted into glucose by addition of the elements of water : 

CeHiuOs + H2O = Cr>Hi208 
St-arch Grape sugar 

CjjHaaOii -+- HaO =: 2 CeHisOg. 
Cane sugar Grape sugar 

In the fermentation of glucose, small amounts of alcohols of the higher 
carbon series are formed, particularly amyl alcohol, but in quantities so 
small that they can be omitted from the formula. 

By distilling the product of the fermentation, alcohol is obtained 
mixed with water. As the boiling point of alcohol is considerably under 
that of water, the alcohol can be freed from the water as well as from the 
accompanying impurities, which injure its taste, by redistilling in a special 
form of apparatus. In this manner a distillate is obtained containing 
about 93^ alcohol and 1% water. This alcohol is used in the arts. To 
prepare absolute alcohol, it is allowed to stand a week or more over burnt 
liqie and then redistilled. The last traces of water can be removed by 
metallic sodium. 

Alcohol is a colorless, mobile liquid with a pleasant odor, 
boiling at 78.5°. At 15° its sp. gr. is 0.79. At - 100° it 
becomes thick but does not solidify. 

It is poisonous. It causes death in a short time when 
injected into the veins. It has a burning taste. Ifc attracts 
moisture with avidity, and extracts the water of crystallization 
from many salts, e. g,, sodium sulphate. It is combustible, 
burning with a bluish, slightly luminous flame. 
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It dissolves essential oils, resins, fats, bromine, iodine, and 
sulphur and phosphorus in small amounts. 

As the value of alcoholic liquids depends on their content of alcohol, 
the amount of alcohol can be estimated, when it consists of only alcohol 
and water, by taking the specific gravity of the liquid. Tables have been 
made which show the specific gravity of mixtures of alcohol and water. 
Thus a mixture ot 1% alcohol and 99% of water has the specific gravity 
0.9985. Since alcohol, however, expands or contracts strongly with 
increasing or decreasing temperatures, the table only holds good for a 
specified temperature (15''). If the temperature is different from that 
given, the specific gravity must be corrected. Tables have also been made 
for this purpose^ which give the true value between 12° and 38**. A 
60^ alcohol, for instance, at —10% showsr0.4j?, andat + 30% 68.5jr. For 
the estimation of the per cent, of alcohol by means of specific gravity, 
both tables are therefore necessary. If the liquid contains other matters 
in solution, as is the case in wine and beer, about half of the liquid must 
be distilled off, the alcohol estimated in the distillate, and the per cent, 
calculated for the whole. 

Alcohol can be produced synthetically from its elements. 

By passing electric sparks between carbon poles in an atmosphere of 
hydrogen, the carbon unites with hydrogen to form acetylene, CH=CH, 
which combines with hydrogen, producing ethylene, CHa-CHa. Ethylene 
with sulphuric acid yields ethyl-sulphuric acid : 

CHa=CH, + H,SOi = CHrCHaHSO*, 

which by the action of potassium hydroxide is transformed into alcohol : 

CHrCHaHSO* + 2 KHO = CHa'CH.OH + KaSO* + HaO. 

Ethyl alcohol unites with various salts forming crystalline 
compounds, as CaClg, 4C2HeO. The alkali metals, K and 
Na, dissolve in alcohol with evolution of hydrogen, forming 
ethoxides, or alcoholates : 

CgHg-OH + K = CgHg-OK + H. 

Potassium 
ethoxide 

When mixed with concentrated sulphuric acid, alcohol 
becomes strongly heated, forming ethyl-sulphuric acid : 
6 
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which gives salts with metals. On boiling with water, it is 
decomposed into snlphoric acid and water: 

CjH.HSO^ + H,0 = CjH, . OH + H^SO^. 

In the same manner, its salts are decomposed by boiling 
with water into primary sulphate and alcohol : 

CjH^KSO^ + H,0 = CjHjOH + KHSO^. 

(Compare methyl alcohoL) 

CH,(OH) 
Jseihianic <zeid, or hydraxyethtflaulphonie acid, i , is isomeric 

CH3HSO3 

with ethjlsalphoric acid, and is obtained by treating ethylene, ether, or 

alcohol with sulphuric anhydride and boiling the product with water. 

Its salts are easily crystallizable. It is a sulphonic acid, i,e., the sulphur 

of the group SOsH is bound directly to the carbon. Ammonium isethion- 

ate, when heated to 200°, loses the elements of water, forming amu/oeMy/- 

CH,(NHa) 
8ulp7ionie acid, taurine, i . Taurine occurs in nature, and is 

CHa"SOaH 

found combined with cholic acid in the bile. It forms colorless, trans- 
parent, hexagonal prisms, soluble in water, insoluble in alcohol and ether. 
It is very stable toward acids, but is decomposed on boiling with alkalis. 
Nitrous acid converts it back into isethionic acid : 

CH,NH, CH,(OH) „^ ^, 

The compound of aldehyde with ammonia and sulphurous acid is iso- 
meric with taurine : 

CH, 

With calcium hypochlorite, alcohol yields chloroform ; with 
chlorine, chloral. Oxidizing agents convert alcohol into alde- 
hyde and acetic acid. 

With acids, alcohol forms compound ethers, or esters* 
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Nitric ethyl eater, ethyl nitratefiiB.^ . . NO2, is made by the distilla- 
tion of 1 vol. of alcohol and 2 vols, of nitric acid (1.4 sp. gr.), with the 
addition of a small amount of urea to prevent the formation of nitrous 
acid. It is a colorless liquid, boiling at 87°. 

Nitrons ethyl ester , ethyl nitrite, nitrous ethyl ether, CaHs . . NO, is 
obtained by leading nitrous acid into alcohol. If a mixture of alcohol and 
nitric acid is distilled without the addition of urea, nitrous ester is chiefly 
obtained, because, owing to the reducing action of the alcohol, the nitric 
acid is reduced to nitrous 'acid, in which state it acts on the remaining 
alcohol. 

The spirits of niter sold in the drug stores is a solution of nitrous ethyl 
ester in alcohol, and is prepared by distilling alcohol with nitric acid. 

Nitrous ethyl ester is a <?olorless liquid with a pleasant odor, boiling at 
16.5°, and soluble in 40 parts of water. 

Ether, Sulphuric Etlier, Mhyl Oxide, CgHg'O'CgHg, or 
C4H10O. 

The general method of the formation of ethers has been described 
under methyl alcohol. Ethyl ether is made by heating 9 parts of sul- 
phuric acid with 5 parts of alcohol of 90^ to 135°-140°. The apparatus 
is so constructed that the alcohol flows in continually, for in the formation 
of ether the sulphuric acid is constantly regenerated. At first ethylsul- 
phuric acid is formed : 

CaHeO + H2SO4 = C2H6HSO4 + H2O. 

The ethylsulphuric acid is decomposed by a second molecule of alcohol 
at 140° into ether and free sulphuric acid. The reaction is analogous to 
the decomposition of this acid into alcohol and sulphuric acid by water : 

C2H5HSO4 + HOH = C2H5OH + HaS04, 
C2H5HSO4 + C2H5OH = C2H5OC2H5 + H2SO4. 

At this temperature the ether and water distil off, so that there remains 
always concentrated sulphuric acid for the decomposition of a fresh por- 
tion of alcohol. 

The ether is freed from alcohol by washing with water, and 
from moisture by means of caustic lime. It is a colorless, very 
mobile liquid, with a pleasant odor and. burning taste. Sp. gr. 
at 0° is 0.736. It boils at 35°, is easily combustible, and bums 
with a luminous flame. 
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Ether is miscible with alcohol, and dissolves ^ol its volume 
of water. When inhaled, it causes intoxication, and then loss 
of consciousness and sensation. It is used to produce insen^- 
bility during painful surgical operations. 

Chlorine acts on ether, replacing hydrogen. In this manner there are 
obtained : 

MonocJUor-ethsr, CiHuClO, colorless liquid boiling at 97-98". 

DicMor-eihsr, C4H8CI2O, liquid boiling at about 145'. 

TetraeUor-ether, C4H.CI4O, an oil boiling at 190 \ 

F^rcMor-ether, C4CI1 oO, crystals melting at 69\ 
The constitution of monochlor-ether is : CHaCHCrO'CHrCHs, 

of dichlor-ether : CHaCrCHCrO-CHrCH,, 

of tetrachlor-ether : CCU'CHCrO-CHrCHa. 

Ether 'forms with bromine an easily crystallizable compound fusing 
at 22% 

Methyl-ethyl-etheVy OHj'O^CgHg. Liquid boiling at 11°. 
Its properties are analogous to those of ethyl ether. It is an 
example of a mixed ether (p. 28). 

Aldehyde, Acetaldehyde, CH 3 "CHO, or C g H^ 0. Aldehyde is 
formed by the oxidation of alcohol. It can be made by the 
action of chromic acid on alcohol. • 

It is obtained as a side product in the manufacture of spirits. In 
rectifying the alcohol, various impurities, which are but little understood, 
but which, besides the fusel oil, impart a disagreeable odor to the alcohol, 
have to be removed by oxidation. To effect this, the spirit is passed 
through a series of charcoal filters, which exert an oxidizing action 
owing to the oxygen condensed in the pores of the charcoal. A 
portion of the alcohol is, however, also oxidized. From this portion, 
which goes over first in the distillation and is kept apart, tha aldehyde is 
obtained by fractional distillation. 

Aldehyde is a colorless, very mobile liquid, with a suffocat- 
ing odor. It boils at 21°. Its sp. gr. is 0.8. It is miscible 
with alcohol and water with elevation of temperature, and is 
soluble in ether in all proportions. It is combustible. 
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Characteristics of the Aldehydes. 

1) Aldehydes exert a reducing action because they are 
easily oxidized into their corresponding acids. They decom- 
pose silver salts, setting the silver free. As the reduction 
takes place without the evolution of gas, the silver is deposited 
on the sides of the glass as a brilliant film. Aldehydes pro^ 
duce what is called a silver mirror. 

2) The acid sulphites of the alkalis give • difficultly soluble 
crystalline compounds with the aldehydes : 

CjjH^O + NaHSOa = C^H^O . NaHSOg. 

3) Potassium or sodium hydroxide converts them into resins, 
(aldehyde resin). 

4) Aldehydes are formed from the corresponding acids by 
distilling their salts with a formate : 

CH^-COONa + HCOONa = CH "CHO + NagCOa. 

Sodium Sodium Aldehyde 

acetate formate 

5) Aldehydes are easily converted into acids : 

C2H^0 + = C2H402. 

6) With nascent hydrogen (sodium amalgam), aldehydes pass 
into their alcohols : 

7) The aldehydes polymerize easily. 

8) Aldehydes unite with ammonia and cyanhydric acid, the 
double oxygen binding being broken : 

CH3-CHO + NH3 = CH3-OH<^g5,- 
CH3-CHO + HON" = CH3-Ch/25- 



If ammonia gas is passed into an ethereal solution of alde- 
hyde, there is formed : 



86 C, GROUP. — ETHAKE COMPOUNDS. 

<0H 
jxTF , or CjH,NO, which 

crystallizes in rhombohedrons, and distils at 100°. By the 
action of acids, aldehyde is set free. 

Hydrogen sulphide converts aldehyde - ammonia into ihialdine, 
C.H„NS, : 

3 C,H,NO 4- 3 H,S = C.H„NS, + (NH4),S + 3 H,0. 

Aldehyde when treated with potassium hydroxide solution 
is converted into a yellow resinous mass, aldehyde resin. 

Aldehyde forms two polymeric modifications. 1) Paralde- 
hyde, formed by the union of three molecules of aldehyde : 
3CjH^0 = C^H^gOj, is a colorless liquid which solidifies when 
cooled and melts at 12"^. It boils at 125'^, and has an ethereal 
odor. 2) MetaldehydOy which is probably a union of six 
molecules of aldehyde, 6 C^H^O = C, gHg^O^. It forms long 
glittering needles which sublime at 115° without fusing, 
decomposing partly into the normal aldehyde. Heated at this 
temperature in a closed tube, it is entirely converted into 
aldehyde. 

When aldehyde is digested at 100° with a trace of chlor- 
hydric acid, a molecule of water splits out of two molecules 
of the aldehyde, and a condensed aldehyde, crotonic aldehyde, 
is formed. 

2CgH^O-H20 = C^HjO, 

An intermediate compound is formed here by the union of two mole- 
cules of aldehyde, 0^3.^0^ = CHrCH(OH)"CH.rCHO, aldal. It is also 
formed by allowing a mixture of aldehyde and dilute chlorhydric acid to 
stand at a low temperature. At a higher temperature, and in the presence 
of chlorhydric acid, it splits out a molecule of water, passing into cro- 
tonic aldehyde. 

As was explained under methylaldehyde, aldehyde is a decomposition 
product of an unstable body which breaks up aa it is formed: 

CHrCH/^2 - HaO = CH,-CHO. 
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Although this body, dihydroxyethylidene, is not stable, and is hence 
not known, its derivatives have been produced. Aldehyde-ammonia, 

for instance, is the amide of it, CHs'CH/ qjj^ The ethyl ether of it, 

or H ' ^^^^^9 ^3 ^^ * well-characterized body. It is formed 

with aldehyde in the oxidation of alcohol, and is a colorless liquid with 
an ethereal odor, boiling at 104°. The acetic ester has been produced : 

There are several chlorine substitution products derived from 
aldehyde, viz., monochloraldehyde, dicMoraldehydey trichloral- 
dehyde, or chloral. 

Chloral, CClg'CHO, or CgHCljO, is obtained by the action 
of chlorine on 98^ alcohol. The alcohol goes at first into 
aldehyde : 

C^HgO + Clg = C^H^O + 2 HCl, 

which is then further chlorinated : 

C^H^O + 3 CI2 = C2HCI3O + 3 HCl. 

Chloral is a colorless liquid, with a peculiar characteristic 
odor, boiling at 94°. It attracts moisture with avidity. When 
mixed with water, there is formed, under considerable elevation 
of temperature. 

Chloral Hydrate, CClg'CH/Qg, or CgHCljO + H^O. It 

crystallizes in white tablets, which, on distillation, are resolved 
into chloral and water. It is used to produce sleep. 
Chloral also combines with alcohol, forming 

Ckloral-alcoholate, CC13"Ch/q^ jj , or C2HCI3O + 

CgHgO. It crystallizes .in long, white needles. 
Alkalis decompose chloral into chloroform and formic acid : 

CCI3-CHO + KHO = CCI3H + CHKOg. 
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Chloral, in its reactions, behaves as an aldehyde. It unites 
with acid alkaline sulphites to form crystalline compounds, 
reduces silver salts, is oxidized to trichloracetic acid, etc. : 

CCla'CHO + = CClg'COOH. 

Trichloracetic acid 

Chloral unites directly with cyanhydric acid to form chloralcyan 
hydrate : 

CC13"Ch/^^ = CC1,-CH0 + HCN. 

By the action of bromine on alcohol, bromal is formed, CBrs'CHO. It 
is a liquid boiling at 172°, with a penetrating odor. Alkalis decompose 
it into bromoform and formic acid. It unites with water to hromaZ 
hydrate, and in its chemical relations is analogous to chloral. 

Acetic Acid, Vinegar^ CHg'COOH, CgH^Og. Like ethyl 
alcohol, which is the most important of all alcohols, acetic 
acid is the most important of all organic acids. It is found in 
the juices of many plants (as potash and soda salts), and in the 
secretions of the glands, etc. It is formed by the oxidation 
of alcohol and aldehyde, by the distillation of wood, and by 
treating methyl cyanide (acetonitrile) with potash : 

CHa'CN + KOH + HgO = CH3"C00K + NH3. 

It is produced commercially as follows : 

1) From, alcohol. 8-10;^ alcohol is allowed to trickle down slowly 
through beech-wood shavings moistened with acetic acid which are con- 
tained in large casks. A great surface is thus exposed to the oxidizing 
action of the air. Holes near the top and bottom of the casks allow of a 
free circulation of air. The temperature of the room in which the casks 
stand should be from 24°-30'*. In order to completely oxidize the alco- 
hoi, it is passed through the shavings several times. The oxidation is, 
however, not a simple chemical process, but a species of fermentation 
caused by the acetic fungus (mycoderma aceti). 

3) From wood. Wood-vinegar. Wood is heated to a red heat in iron 
cylinders. Gaseous products (illuminating gas, wood-gas), aqueous and 
tarry products are formed. The aqueous products contain, besides other 
substances, acetic acid and methyl alcohol. They are neutralized with 
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lime and distilled to dryness. The residue from the distillation is decom- 
posed by an acid, and the acetic acid thus set free is distilled off. 

Acetic acid is also produced from wine (wine- vinegar) and many fruits. 

Absolute acetic acid (glacial acetic acid) is solid at a low 
temperature and fuses ^ 17°. At the ordinary temperature 
it is a colorless liquid with a penetrating odor, boiling at 118° 
and causing blisters on the skin. Its sp. gr. is 1.0553. It is 
miscible with water, alcohol, and ether, is strongly acid, and 
expels carbonic acid from its salts. It is monobasic and forms 
salts and esters. , 

The specific gravity of a weak acetic acid, such as vinegar, which is a 
5^-15^ aqueous solution of acetic acid, cannot be used as a means of 
determining the amount of pure acetic acid in it because an acid of 96^ 
has the same specific gravity as one of 70^. The specific gravity of acetic 
acid increases with the amount of water till one molecule of water is 
present for one molecule of acid (1.0754), i.e., until the hydrate, 
CaH402~H30, or CH3"C{0H)3, ortTM-ctcetic acid is formed. 

The amount of acetic acid in a vinegar is therefore estimated by exactly 
neutralizing a measured portion of the acid with a dilute solution of soda, 
the amount of sodium hydroxide in which is known. This is called volti' 
metric analysis, or titratio7i. 

The following acetates are worthy of attention : 

Potassium acetate, C2H3O2K, is made by dissolving potassium hydrox- 
ide or carbonate in acetic acid. It is a white deliquescent powder. Its 
solution in concentrated acetic acid separates on evaporation the acid salt, 
CaHsOaK + CaHjOa, in mother-of-pearl leaflets, which fuse at 148°, and 
at 200° are resolved into the neutral salt and acetic acid. 

Sodium acetate, C2H;,02Na. It is made by neutralizing acetic acid 
with sodium hydroxide or carbonate. It crystallizes in prisms containing 
three molecules of water, and is efflorescent. At 77° it fuses, losing its 
water of crystallization and becoming solid again. The anhydrous so- 
dium acetate fuses at 819°. 

Zinc acetate, (C2H302)2Zn, is obtained by dissolving zinc carbonate in 
acetic acid. It forms large, colorless, rhombic crystals, which have a fatty 
feel. They smell of acetic acid and are easily soluble in water. 

Plumbic acetate, sugar of lead, (C2Hs02)3Pb, is made by dissolving lead 
oxide in dilute acetic acid. It is a beautifully crystalline compound, 
which is soluble in 1| parts of water. It has a sweet taste, with a dis- 
agreeable metallic after-taste. It fuses at 75°, at 100° loses its water of 



90 Cg GROUP. — ETHANE COMPOUNDS. 

t 

crystallization, and becomes solid, fusing again at 280''. It is a powerful 
poison. A solution of plumbic acetate dissolves two molecules of plumb- 
ous oxide, forming (C2H802)2Pb + 2 PbO, basic lead acetate. It is also 
soluble in water. 

Cupric acetate, distilled verdigris, (CtiH302)Cu, is obtained by dissolv- 
ing copper in acetic acid. Bark green prisms with a nauseous taste. 
Easily soluble in water. The ordinary verdigris corresponds to the basic 
lead acetate. 

Silver acetate, CaHaO^Ag, precipitates as a white compound when 
silver nitrate and sodium acetate solutions are brought together. It is 
difficultly soluble in cold water, more easily in hot water, from which it 
crystallizes in long flexible needles. ^ 

Ethyl Acetic Ester y Acetic Ether, Ethyl Acetate, 
CHg-COO-CjjHg, or C^HgO^. 

A mixture of 3.6 parts of alcohol and 9 parts of sulphuric acid is 
poured over 6 parts of sodium acetate, and, after standing, distilled. 

Acetic ester is a colorless liquid with a refreshing odor, 
boiling at 77°. It is easily combustible, and is miscible with 
alcohol and ether, and is soluble in 11 parts of water. It has 
a burning taste. It gradually decomposes in contact with 
water into alcohol and acetic acid. 

Characteristics of the Esters of the Organic 

Acids. 

This class of compounds is formed either by the direct ac- 
tion of the acid on the alcohol, or by the action of a salt of 
the acid on the chloride, bromide, or iodide of a hydrocarbon 
(alkylogen) : 

CgHgBr + CH "COONa = CH3-COOC2H5+ NaBr, 

Sodium acetate 

or by the action of an acid sulphuric ester on a salt of the 
organic acid. 

^^^gXsOg + CHaCOONa = CHaCOOC^Hg +"ho^S08 

Ethylsulphuric acid 
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It is, however, not usually necessary to produce the acid 
sulphuric ester in the pure state. The alcohol is mixed with 
the sulphuric acid and the salt of the organic acid, and the 
whole distilled. The esters can also be produced by saturat- 
ing a mixture of the alcohol and the organic acid with chlor- 
hydric acid gas. In this case the chlorhydric acid acts most 
probably as a dehydrating agent: 

CgH.O- + CJI^O = C JLjOg . C0H5 + HgO. 

Acetic acid Alcohol Acetic ester 

The esters are decomposed into the alcohol and a salt of the 
acid by boiling with an alkali : 

CH3-COO . C2H5 + NallO = CHrCOONa + C^HgOH. 

Acetic ester Sodium acetate Alcotiol 

The ease with which a halogen substitution of a hydrocarbon and a 
salt of an organic acid yield the ester, and the facility with which the 
ester thus formed yields the alcohol by boiling with an alkali, affords us 
a most excellent method for producing alcohols from chlorides, bromides, 
etc. 

CHa-CHaCl + CHa'COONa = CHa'COO . CIirCHs + NaCl 
Ethyl chloride Sodium acetate Acetic ethyl ester 

CHrCOO-CHrCH, + KHO = CHs'COOK 4- CHa'CH.OH. 
Acetic ethyl ester Potassium acetate Alcohol 

"With ammonia, the esters yield acid amides and alcohol : 
CHa-COOCJIg + NH3 = CHg-CONHg + C^HgOH. 

Metallic sodium acts on acetic ester substitutingly, liber- 
ating hydrogen and forming, besides sodium ethoxide, the 
sodium compound of a complicated compound ether, acetO' 
acetic ester : 

2 CHj-COOCgHg + Nag = H^ + C^HgONa 
+ CHa-CO-CHNa-COOOjjHg. 

In this compound, the sodium atom can be replaced by 
both alcohol and acid rests. 
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The sodium aceto-acetlc ester is easily decomposed by acids, yielding 
the aceto^aceiie eater, CaHioOs = CHs'CO'CHa'COOCaHs, a colorless 
liquid boiling at 181**, which by the action of sodium is converted back 
into the sodium aceto-acetic ester. As the sodium atom can be replaced 
by means of the chlorides, bromides, and iodides of both alcohol and acid 
rests, and the compounds thus formed can be decomposed in a character- 
istic manner by potash, the aceto-acetic ester is used as the starting-out 
point for the production of a great number of compounds. 

By the action of ethyl iodide on sodium aceto-acetic ester, ethyl-aceto- 
acetic ester is formed, CsHmOs = CH3"C0"CH(C,H5)"C02C3H6, which 
by the action of sodium yields, with evolution of hydrogen, sodium ethyl- 
aceto-acetic ester. This by . treatment with ethyl iodide yields di ethyl- 
aceto-acetic ester, doHigOa = CH3"CO"C(CaH6)a"COaC2H6. Acetyl 
chloride and other aci-chlorides give with sodium aceto-acetic ester the 
corresponding aci-compounds, viz., CH3"CO~CH(C2H30)~C02C2H5. 

The decomposition of aceto-acetic ester and its derivatives takes place 
in two ways. (1) Out of each molecule, two acids are formed, one of 
which is always acetic acid : 

1) CHs-CO-CHa-COaCaHft + 2 HaO = CHs-COaH 

Aceto-acetic-ester Acetic acid 

+ CH3-C0aH -f CaH«0. 
Acetic acid 

2) CH3-CO-CH(CaH5)-COaCaH5 4- 3 HaO = CHa-COaH 

Ethylaceto-acetic ester ■ Acetic acid 

+ CHa(CaH5)"C0aH + CaHeO. 
Butyric acid 

3) CH3-CO-C(CaH5)a-COaCaH5 + 2 HaO = CHj-COaH 

Di-ethyl-aceto-acetic ester Acetic acid 

+ CH(CaH5)a"C0aH + CaHaO. 
Di-etbylacetic acid 

(2) Carbonic acid and a ketone are formed : 

1) CH3-CO-CHa"COaCaH5 + HaO = CHs-CO-CH, 

Aceto-acetic ester Acetone 

+ COa + CaHaO. 

2) CH3-C6"CH(CaH5rCOaCaHfi+HaO = CHs-CO-CHaCCaHft) 

Ethylaceto-acetic ester Methylpropylkctone 

+ COa + CaHeO. 

8) CH,-CO-C(CaH5).rCOaCaH5 + HaO = CH3-CO-CH(CaH5)a 

Diethylaceto-acetic ester Methylamylketone 

. 4- COa -f CaH«0. 
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In both cases the ester is saponified with the formation of alcohol. 
The esters homologous with acetic ester behave in the same manner. 

Acetic acid when treated with phosphorus trichloride ex- 
changes its OH for CI, forming 

Acetyl Chloride^ CHa'CO'Cl, or C2H3OCI : 

3 CH3-COOH + PCI3 = 3 CH3"C0C1 + PH3O3. 

It is a colorless very mobile liquid with a penetrating odor. 
It boils at 55°, and fumes slightly in the air. 

Acetyl chloride is our first example of an aci-chloride, Aci- 
chlorides exchange their chlorine very easily for other elements 
or atomic groups. They are all decomposed by water with 
regeneration of the acid : 

CH^COCl + HHO =-CH3C00H + HCl. 

Even the moisture of the air decomposes them gradually. 
"With alcohol, the ester is formed : 

CH3"C0C1 + eH30H = CH3"C0"0CH3 + HCl. 

Methyl acetic ester 

With ammonia, the amide : 

CH3COCI + % NH3 = CHj-CONHi, + NH4CI. 

With salts of the organic acids, the anhydride : 

CH,"C001+ CH3-C00Na = CHs'CO'O'CO'OHa + NaCl. 

Acetic anhydride 

In a similar manner the acetyl bromide and acetyl iodide have been 
produced. Both are liquids, the former boiling at 81", the latter at 108°. 
By action of silver cyanide, CHa'CO'CN, on acetyl chloride, obcetyl 
cyanide is formed. It is a liquid boiling at 93", and by the action of 
chlorhydric acid is converted into pyroracemic acid. 

AcetamidBy CHg'CO'NHg, is obtained by the action of 
ammonia on acetic ester, and by the distillation of ammonium 
acetate : 

CH3-C00(NH J = CH3-C0(NH3) + HgO. 
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Acetanide is also produced by heating acetic acid with potassium sul- 
phocyanide for several days. At first potassium acetate and sulphocyanic 
acid are formed. The latter then acts on the free acetic acid : 

CH,-COOH + HSCN = CH,-CO . NH, + COS. 

Acetaipide Carbon 

ozysulphide 

Acetamide is a colorless, crystalline substance fusing at 78% 
and boiling at 222°. It has a peculiar odor. Phosphoric an- 
hydride acts dehydratingly on it, forming acetonitrile (methyl 
cyanide) : 

CHj-CO-NHg - HgO = CH3-CN. 

CH,-"CO\ 
By heating acetic acid with acetonitrile, diacetamide, GHa'CO— ^N, 

is formed, which is very similar to acetamide: 

CH,-CO\ 
CH,-CN + CH,-COOH = CH.'CO^N. 

H/ 

It fuses at 59° and boils at 210°-215°. 

By heating acetic anhydride (see below) with acetonitrile, irtacetamtde, 

CH,-CO\ 

CHs'CO— 7N, is formed, which also resembles acetamide. It fuses at 78°. 

CH,-CO/ 

CH,-CN + pS"-pn^O = CHa-CO-^N. 
^CH. CO/ CH.-COX 

When acetyl chloride and sodium acetate are distilled 

together, there is formed, besides sodium chloride, 

CH "C0\ 
Acetic Anhydride, njr^-QQ /O. A colorless liquid with 

an odor resembling acetic acid. It boils at 138°. It sinks in 
water, and is gradually decomposed by it into acetic acid : 

Ch'-Co)>^ + ^2^ = ^ CH3-COOH. 

Barium peroxide converts acetic anhydride into acetyl superoxide, 

CH,-CO-0 

^^Tx -nn-k* ^^ C<H604. It is a thick oil, which acts as a strong oxidizing 
GM3 CO o 

agent, and, when heated, explodes. 
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By leading chlorine into acetic acid, the hydrogen of the. methyl is 
replaced by chlorine, and the following compounds are obtained : 

1) Monoehloraceiic acid, CH2C1"C00H, a crystalline deliquescent 
mass. It fuses at 62° and boils at IS?**. It forms crystalline salts, and 
exchanges its chlorine atom for other mono-valent atomic groups. 

2) DicfUoracetic add, CHCla"COOH, is an easily fusible crystalline 
substance boiling at 195°. Its ethyl ester, CHCU'COOCaHs, is formed 
by the action of potassium cyanide on an alcoholic solution of chloral 
hydrate. It is a liquid ^boiling at 156°. 

3) Trichloracetic acid, CCU'COOH, is also obtained by the oxidation 
of chloral. It is a crystalline, deliquescent substance, boiling at 200°. 
Potassium hydroxide decomposes it into chloroform and potassium 
carbonate : 

CCla-COOH + 2 KOH = CCI3H + K2CO3 + HaO. 

By the action of sulphuric anhydride, acetic acid is converted into 
acetosulpJionic add, CHa(SOaH)"COOH, a crystalline, easily soluble, 
dibasic acid. 

As yet we have considered only those oxygen derivatives of 
ethane in which the hydrogen atoms of the second CH3 
remained intact, or, at most, were replaced by chlorine atoms. 
If, however, the hydrogen atoms of the second CH3 are 
replaced by hydroxyls, compounds are formed which are alco- 
hols, aldehydes, or acids, depending on the number of H's 
replaced by hydroxy]. 

If one H in each of the CHg-groups is replaced by an 
OH, the compound, CH2(0H)"CHg(0H), is formed. This 
naturally possesses alcoholic properties, as it is, in fact, a 
double alcohol. Similar compounds are also known in the 
O3, C4, and Cg series. They are called Glycols. 

The H of the hydroxyl groups can be replaced by hydrocar- 

CH^-OH 
bon rests, ethylene glycol, 1 -^ttj yielding the mono-ethyl 

CJig Old 

ether and di-ethyl ether : 

OH,(OC,H,) CH,(OC,H,) 

C!H,(OH) *° CH,(0C8H,) 
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The mono-acetyl, di-acetyl, and nitric esters are also known : 

CHj(0 . C2H3O) CHjjCOCgHaO) CHgCONO)^ 

CH8(0H) OHgCOC^HaO)' CHgCONO)^* 



Ethylene Glycol, Ethylene Alcohol, CHg(OH)"CHg(OH), 
or CgHgOg, contains one more than ethyl alcohol. It is 
made from ethylene bromide : 

By digesting ethylene bromide with silver acetate, the di-acetyl glycol 
ester is obtained : 

CH,I-CH J + 3 AgC,H,0, = (\ij^Jc,H,0,) + ^ ^^^' 
which, by boiling with potassium hydroxide, is converted into glycol : 

CHaCCaHsOa) KHO CH2(0H) C^HsCK 

CH^CCHsOO "^ KHO ^ CHaCOH) "*" C3H2O2K 
Ethylene acetate Qlycol , Potassiam acetate 

It is a colorless, odorless, viscous liquid, boiling at 197°. 
On digestion with chloxhydric acid, it is converted into 
CH2CrCH2(OH), glycol'Chlorhydrine, which by treatment 
with potassium hydroxide is decomposed into ethylene oxide : 
CH -CH. 

V 

CHgCrCHgOH + KOH = C.H^O + KCl + HgO. 

Ethjriene 
oxide 

Polyglycols are formed with glycol. They are constituted 
as follows : 
Di-ethylene glycol, 

C^H^oOg = CH3(OH)"CH8"0"CH2"CH2(OH). 
Tri-ethylene glycol, CgHj 4O4 
= GU^iOB.yCRfO'GRfGB.^'O'CRfCn^iOB), etc. 



2 
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These glycols stand in the same relation to glycol as ordinary 
ether to alcohol. 

As acetic acid is derived from alcohol, glycolUc acid^ 
CHgOH'COOH, is derived from glycol. It is produced by 
boiling monochloracetic acid with an alkali : 

CH2CrC00H + KOH = CH2(0H)"C00H + KOI. 

It can also be obtained by oxidizing^lycol in the same man- 
ner that acetic acid is formed from alcohol. 

* We see from the formula of gljcollic acid that it mnst combine the 
properties of an alcohol and an acid. If the H of the carboxyl group be 
replaced by the ethyl group, CH2(OH)"COOC2H5 is formed, which is the 
ester of glycoUic acid and analogous to acetic ester. If the H of the 
hydroxyl, however, is replaced by the same group, CH2(OC2H5)"COOH 
is obtained, which is a new acid, ethoxyglycollic acid, and which neutral- 
izes bases with the same power as glycollic acid. If the hydroxyl of 
glycollic acid be replaced by the amido-group, NHj, a neutral body, 
CH2(OH)~CONH2, glycol-amide, analogous to acetamide, is formed. The 
introduction of NHa in place of the OH of the CH2OH, influences 
the compound but little, and the compound which is obtained, 
CH2(NH2)COOH, amido-acetic acid, or glycoccll, is a decided acid. We see 
hence that there are a great number of isomeric compounds depending on 
which carbon atom is involved in the substitution. The more important 
will be mentioned. 

Glycollic acid is a white, deliquescent, crystalline mass, fus- 
ing at 80°. It cannot be distilled without decomposition. 
It is very soluble in water and alcohol. It forms salts, esters, 
and ester acids. Phosphorus trichloride converts it into gly- 
colUc chloride : 

3 CH2(0H)-C00H + 2 POI3 = 3 CHgCrCOCl + 2 PH3O3, 

which is identical with monochloracetyl chloride. It is 
decomposed by water into monochloracetic acid and chlor- 
hydric acid r 

CHjjCrCOCl + HjjO = CHgCrCOOH + HCL 

7 
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Of the other substitutions of glycoUic acid we shall only men- 
tion gltfcolamide, CH2(OH)"CHg(NH2), which forms color- 
less crystals easily soluble in water^ and slightly in alcohol ; and 

OlycocoUy Amidfhacetic add. Glycine, CH2(NH2)"COOH, is 
formed by the decomposition of glue by sulphuric acid^ and 
from many substances existing in the animal organism (bile 
acids, uric acid, hippuric acid). It is also formed by the action 
of monobromacetic acid on ammonia : 

CH,Br-COOH + NH3 = GR^(NIl^yCOOS + HBr. 

Large, colorless, rhombohedral crystals, fusing at 170°. It 
is stable in the air, easily soluble in water, and insoluble in 
alcohol. 

Glycocoll is a weak acid, exchanging the H of its hydroxyl for 
bases. It also combines with acids, since it is both an amine- 
base as well as an acid. The copper compound, {G2^^'S0^)^C\i 
4- HgO, which is obtained by dissolving copper oxide in a 
hot solution of glycocoll, is a characteristic example of this class 
of salts. It crystallizes in deep blue needles. 

In the same manner that glycol forms poly-glycols, glycollic 
acid yields poly-glycollic acids. Di-gly collie acid, C4H5O5 = 
C02H'CH2"0'CH2"C02H, which is formed with glycollic 
acid, when the latter is made from mono-chloracetic acid, 
is an example of this class. 

Glycollic acid forms a peculiar anhydride, glycollide : 



C4H4O,, 0<^(.jj^-(>,(5^0. 



It is an amorphous powder, which by boiling with alkalis or water is 

converted back into glycollic acid. 

» 

Besides ordinary aldehyde, there are two other bodies of an aldehyde 
nature derived from ethane, y\z,, glyoxaly CHO"CHO, and glt/oxalic acid, 
CHO"COOH. Finally, by complete hydroxylation of all the hydrogen of 
ethane, we derive — 

Oxalic Acid, COOH'COOH, or CgH^O^. Oxalic acid is a 
di-basic acid, as it contains two carboxyl groups. 
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Oxalic acid is largely distributed in the vegetable kingdom in 
the form of potassium^ sodium^ and calcium salts. It is 
formed by the oxidation of many carbon compounds, particu- 
larly the fats and carbhydrates (sugar, starch, gum, wood 
fibre, etc.). It is made commercially by melting saw-dust 
with potassium or sodium hydroxide. 

It ciystallizes in large, transparent, colorless prisms, contain- 
ing two molecules of water, which it loses at 100°. It is easily 
soluble in water and alcohol. It is poisonous. By careful 
heating it sublimes at 150°. When heated rapidly, it decom- 
poses into carbonic acid, carbonous oxide, and water. It suffers 
the same decomposition on heating with concentrated sul- 
phuric acid. When heated with glycerol, it breaks into car- 
bonic acid and formic acid : 

C^HjjO^ = COg + CO + HjjO. 
CgHjjO^ = COg f CH2O2. 

Oxalic acid acts as a reducing agent. It precipitates gold and pla- 
tinum from their chlorides, and is oxidized itself into carbonic acid : 

• PtCh + 2 CaH.,04 = Pt + 4 CO., + 4 HCl. 

In the same manner it reduces manganese di-oxide to manganous salts, 
decolorizes potassium permanganate, etc. 

Oxalic acid forms two series of salts, viz., acid, in which one 
H, and neutral, in which both H's are replaced by metals. 
Double salts of it are also known. 

The following are of importance. Potassium hydrogen oxalate, binox- 
alate of potash, C2HKO4, slightly soluble in cold water. Ammonium 
hydrogen oxalate, CaH04(NH4) ; on heating, water splits out and oxamic 
acid, COOH"CO(NH.j), is formed. Ammonium oxalate, Ca(NH4)204 ; on 
heating, it gives oxamide, C0(NHi)"C0(NH2). Calcium oxalate, CaCa04, 
completely insoluble in water. Its formation is used as a test for oxalic 
acid as well as for its separation. The oxalates of silver and mercury 
decompose, on heating, with explosion, and break into carbonic acid and 
the metal. 

Oxalic acid forms two series of esters : 
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COOH 
Methyl-oxalic a^idy '^^^^r » *^^ 

COOCH, 
Oxalic methyl estevy i , monoclinic tablets fusing at 51* and 

COOCHj 

boiling at 162*'. It is used for the production of pure methyl alcohol. 

COOH 
Ethyl-oxaXic acid, i , and 

^ COOCaH* 

COOCaH. 
Oxalic ethyl ester, i , liquid boiling at 186°. Water decom- 

COOCjHs 

poses it gradually into oxalic acid and alcohol. 

Oxalic acid forms also two amido-substitutions: 

COOH 
Oxamic acid, i , which is obtained by heating ammonium 

C0(NH)3 ^ ^ 

hydrogen oxalate : 

COOH COOH 

I — HaO =1 ; 

C00(NH4) COcNHa) 

or by boiling oxamide with aqueous ammonia, the ammonium salt of 
oxamic acid being formed : 

CO(NH0 , ^^ ^ COO(NH0 

I + HaO = I 

COCNH^)^ • CO(NHa) 

Oxamic acid is a white crystalline powder. 

C0(NH2) 
Oxamide, i , is produced by the distillation of neutral ammo- 

C0(NH2) 

nixmi oxalate : 

C00(NH4) „ CO(NHa) 

I — 2 H2O = I ; 

C00(NH4) CO(NHa) ' 

or by the action of aqueous ammonia on oxalic ethyl ester : 

COOCCHs) CO(NH.,) 

I ^+2NH3= I ^ + 2C2HeO. 

COOCCaHa) ^ CO(NHa) ^ 

It is a white powder almost insoluble in water. When heated with 
phosphoric anhydride, it yields cyanogen : 

C0(NH2) 
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Phosphoric anhydride acts as a dehydrating agent, because it has a 
strong tendency to oxidize into phosphoric acid. 

Cyanogen may be considered as the nitrile of oxalic acid in the same 
way that cyanhydric acid is the nitrile of formic acid, and methyl cyanide 
the nitrile of acetic acid. All nitriles are converted into their correspond- 
ing acids by the addition of the elements of water : 

HCN + 2 HaO = HCOiiH + NH, 

Cyanhvdric Formic acid 

CHs-CN + 2 H,0 = CHa-COaH + NH. 

Methyi cyanide Acetic acid 

CN COaH 

Cyanogen Oxalic acid 

Since oxalic ethyl ester yields oxamide when treated with ammonia, 
it gives substituted oxamides when treated with substituted amines. 
With ethylamine, for example, di-ethyloxamide is produced. 

Phosphorus pentachloride converts oxamide into a very unstable com- 

CCirNHa CC1=NH 

pound, I , from which HCl is eliminated, forming: first i « 

^ 'CCirNH; ^ CC1=NH 

and then i _ . If dimethyloxamide or diethyloxamide, i , is 

v^z-N CO~NxiCH3 

taken instead of oxamide, the' chlorine compound which is formed loses 

three molecules of HCl, forming the bases cJdoroxdlmeihyUnet C4H6ClNg, 

and chloroxaUthyline, CsHvClNa. 



Snlpho-substltntions of Ethane. 

The sulpho-substitutions of ethane are not as numerous as 
the oxygen derivatives, and on account of their lesser impor- 
tance only a few of the better known will be mentioned. 

Ethylmercaptan, CHg'CHg'SH, or OgH^S, corresponds 
to the ethyl alcohol. It is produced by the distillation of 
potassium ethylsulphate or ethyl chloride with potassium 
sulphydrate : 

CgHg . KSO4 + KSH = CgHgCSH) + K2SO4 
C.H5CI+ KSH = CgHgCSH) + KCl. 
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It is a colorless liquid with a highly offensive odor. It boils 
at 36°, is but slightly soluble in water, and is miscible with 
alcohol and ether. The H of its SH is easily replaced by 
metals, forming mercaptides (CgHgKS). Fuming nitric acid 
oxidizes it into ethylsulphonic acid : 

CgHjSH + 03 = C.H.-SOgH. 

By distilling potassium ethylsulphate with potassium sul- 
phide we obtain : 

CH" "CH \ 
Ethyl Sulphide, qtt^-qtt* yS, corresponding to ether. Col- 
orless liquid with the odor of garlic, boiling at 91°. Fuming 
nitric acid oxidizes it to di-ethyl-sulphoney (C2H6)2S02. 

The oxidation of mercaptan to sulphonic acid, and of the sulphide to 
sulphone, is exactly analogous to the oxidation of the phosphines to phos- 
phinic acids (vid. p. 68). Hydrogen sulphide is oxidized to sulphuric acid, 
the sulphur taking up two atoms of oxygen and both the H's being con- 
verted into hydroxyls : 



CTyS passes into go/^^*' 



The same reaction takes place when the hydrogen is replaced by or- 
ganic atomic groups, with the exception that the oxidation does not 
extend to the latter : 



^ys yields ^'hO^^» 
Ethylsulphonic 



Didthylsniphone 

In these compounds the sulphur is of course hexa-valent as in sul- 
phuric acid. 

Ethyl sulphide unites directly with ethyl iodide : 
(02115)28 + O2H5I = (CgH6)3SI. 



The constitution of this compound is rj^H^ x^\ 



CgHg. 
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The atom of iodine can be replaced by any acid rest or by 
hydroxyl. In the latter case a strongly basic substance is 
formed, which attracts carbonic acid from the air. These 
peculiar compounds, which show sulphur to be a tetra-yalent 
element occur in the other carbon series, and are called sul- 
phine compounds. This one in particular is tri-ethyl-sulphine 
iodide. 

If potassium ethylsulphate is distilled with K^S^^ instead of 
KjjS, we obtain : 

Ethyl DisulphidCy _ i ,orC4HjoSg, to which there 

CH.3 CH.2 o 

is no corresponding oxygen compound. It is similar to ethyl 
sulphide in its properties and boils at 151°. 

Ethyl Sulphaldehyde, CH3"CHS, or CgH^S, corresponds to 
ethyl aldehyde. It is obtained by leading hydrogen sulphide 
through aldehyde. An oil is formed which is decomposed by 
acids, yielding sulphaldehyde, a white crystalline body. It is 
properly the triple polymer 3 CgH^S = O^jHuSg. The sim- 
ple aldehyde has not yet been obtained. 

TMacetk acid^ CHa'COSH, or CaHiSO, corresponding to acetic acid. 
It is formed by the action of phosphorus pentasulphide on acetic acid, 
or acetyl chloride on potassium sulphydrate : 

5 CHs'COOH + P3S5 = 5 CH3-COSH + P«05 
CHrCOCI + KHS = CHrCOSH + KCL 

Colorless liquid with the odor of both acetic acid and hydrogen sul- 
phide. It boils at 93", and forms salts and esters. 

CH "COX 
TMacetic anhydride, ch'-co/S, is formed by the action of PaSs on 

acetic anhydride. It is a colorless liquid boiling at 121". 

By the action of ethyl iodide on sodium or ammonium sulphite, ethyl- 
sulphonic acid, C2H5 . SOaH, is formed. Its salts are well known. It is 
identical with the acid obtained by the oxidation of ethyl mercaptan. 
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Nitrogen Substitatioiis of Ethane. 

Ethylaminey CgHg^NHg, or C^H-jN, is made from ethyl 
iodide and ammonia^ or from ethyl cyanic ether and potas- 
sium hydroxide. It is a colorless liquid with an ammoniacal 
odor, boiling at 18°. It yields crystalline salts with acids. 

Di-ethylaminey {G^^^)^'^^, or C4H^i!N", is made from 
ethyl iodide and ammonia. It boils at 57°. 

Tri-ethylaminey {C^'R^)^^ or C^HuN, is made in the 
same manner. It boils at 96°. 

Tetra-ethylammonium iodide, {G^Ri)^^^' ^^ ^^® ^^^^ prod- 
uct of the reaction of ammonia on ethyl iodide. It is a 
white, crystalline mass. With silver iodide it yields : 

Tetra-^thylammonium hydroxide, {G2R.^)^'0R, which is 
a base resembling potassium hydroxide. 

By the action of ammonia on ethylene chloride, CHaCl'CHaCl, anal- 
ogous compounds are formed : • 

CHrNHa 
Ethylene-diamine, i _ , or GaHiCNHs)^. 

Gila ^M] 



IHrethyJene-diamine, CaH!^^^)" 



CaH4\ 

Tri^hytene-diamine, CsH4==^s* 

They are liquids of basic character. 

Glycolchlorhydrin unites with ammonia and amine bases, particularly 
with the tertiary amines, forming substituted ammonium compounds. 

CHa"OH 

The compound with trimethylamine is i _ , trimethyloxethyl- 

CHa~N(CH3)8Cl 

CHa"OH 
ammonium chloride. The hydroxide, i _ , exists in the bile. 

CHa N(CHs)3t)ll 

It can be produced by the action of alkalis on a substance occurring in 

white mustard seeds (sinapin), and is called choline. It is a strongly basic 

CHa"I 

body, and gives with iodohydric acid the compound ^^ -j^/^h ) V ^^' 
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methyliodoSthylammonium iodide. This iodide when treated with moist 

CHrO 
silver oxide yields the oxide i i , which is contained in the sub- 

^ ^ CHrN-(CH,)3 

stance of the brain, and is called i^urine. By the oxidation of neurine or 

CO -0 

choline, oxyneurine, i _ i , is obtained. It exists in the sugar 

CHa N(CH3)3 

beet (beta vulgaris), and is called betalne. It is formed by heating mono- 

chloracetic acid with trimethylamine. 

By the action of silver nitrite on ethyl iodide, Nitro-ethaney 
CgHg-NOg, is formed (isomeric with ethyl nitrous ester). It 
is a liquid boiling at 112°. 

The only other compounds of the C2 series which we shall 
mention are the following. Their methods of preparation 
will be found under the corresponding substances of the Cj 
series. 

Ethylphosphine, CaHsPHa, boils at 25°. 

Di-ethylphosphinet (C3H6)2PH, boils at 85°. 

Tri-ethylphosphine, (CaHs),?, boils at 127°. 

They are all obtained according to the methods given under the cor- 
responding compounds in the methane series. They are easily oxidized, 
the ethylphosphine to ethylphosphinic acid, CaHBPO(OH)a, di-ethylphos- 
phine to di-ethylphosphinic acid, (C2H6)aPO(OH), tri-ethylphosphine to 
iri-ethylphosphinic oxide (C2H5)3PO. 

Tri-ethylarsine, (CaH6)3As, boils at 140°, fumes in the air, and on 
warming in the air takes fire. 

Tri-ethyUtibine, (C2H6)3Sb, boils at 158°, fumes in the air, and takes 
fire. 

Zinc-ethyl, (CaH8)2Zn, boils at 118°, and takes fire at once when ex- 
posed to the air. 

Mercury-ethyl, (CaHB)2Hg, boils at 159°. It is extremely poisonous. 

These compounds are all obtained by reactions analogous to those of 
the corresponding methyl compounds. 

The following esters are worthy of notice. 

Ethyl cyanide, CaHs'CN, is produced from potassium ethylsulphate 
and potassium cyanide. It is a liquid with an ethereal odor, boiling at 
98°. On boiling with alkalis, it is decomposed into ammonia and pro- 
pionic acid. It is therefore the stepping-stone from the Ca to the d 
series : 
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C,H.-CN + 2 HaO = CHft-COOH + NH,. 

Propionic acid 

It is hence propionitrUe. 

Ethyl iaocyanide is prepared from silver cyanide anel ethyl iodide. It 
is a liquid with an offensive bitter odor, and boils at 79**. Acids decom- 
pose it at once into ethylamine and formic acid : 

CHrNC + 2 HaO = CaHaCNHO + CHaOa. 

Ethyl-cyanic ether, CON'CjHs, is obtained by the dry distillation of 
potassium cyanate with potassium ethylsulphate. It is a colorless liquid 
with a strong odor which irritates the eyes. It boils at 60". With it 
there is formed 

Ethyl-cyanuric ether, C3O3N3 . (CaH5)3, which forms large crystals 
fusing at 85** and boiling at 276°. Potassium hydroxide decomposes both 
the cyanic and cyanuric ether into ethylamine and potassium carbonate : 

CON-CaH» + 2 KHO = KaC03 + C.HsNHa. 

Ethyl-isocyanie ether, CNO'CaHs, is formed from chlorcyan and 
sodium ethoxide : 

CNCl + NaOCaHs = CNOCaHs + NaCl. 

It is a liquid insoluble in water, and not distillable without decom- 
position. With potassium hydroxide it breaks into potassium cyanate 
and alcohol ; 

CNO-CaH* + KHO = CNOK + CaH»OH. 

Ethyl mustard oU, CSN'CaHs, is produced in a manner analogous to 
the methyl mustard oil. It is a colorless liquid with the odor of mustard 
oil, boiling at 134°. With nascent hydrogen it passes into ethylamine 
and methylsulphaldehyde : 

CSN . CaHs + 2 Ha = CHaS + CaH5(NHa). 

Ethyl sulphoeyanide, CaHs'SCN, is obtained by digestion of potas- 
sium ethylsulphate with potassium sulphocyanide. It is a liquid with an 
unpleasant odor, boiling at 146°. With nascent hydrogen, it yields cyan- 
hydric acid and ethylmercaptan : 

CNS . CaHa + Ha = CNH + CaHtSH. 



C3 GROUP. 

Propane Compounds. 

All compounds which contain three carbon atoms bound to 
each other, are derived from the hydrocarbon CHg'OHg'CHg, 
Propane. The diversity of the derivatives and the number of 
the isomers in this series is naturally greater than in the 
ethane series. It will only be necessary to consider the more 
important members of this class, since most of the compounds 
not mentioned here can be produced according to the analo- 
gous reactions of the corresponding members of the methane 
and ethane series. 

The replacement of an atom of hydrogen by a mono-valent 
atom, or atomic group, can produce two isomeric substances, 
depending on whether an atom of the group OH3 or CHg is 
substituted. 

Bodies formed by substitution in the CH3 group are called 
propyl compounds, while those arising from substitution in 
the CHg group are known as isopropyl compounds. 

Propane is but little known. The first derivative of it is propylene, 
CH3"CH=CH2, which is formed from allyl iodide and iodohydric acid : 

C.H5I + HI = C3H, + la. 

Also from isopropyl iodide and potassium hydroxide : 

C»H,I + KOH = C3H, + KI + HaO. 

Propylene is a gas. It unites with iodohydric acid to form isopropyl- 
iodide : 

CH* + HI = CHtI = CH3-CHI-CH,. 

107 
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There is also a hydrocai'bon of the C3 series corresponding 
to acetylene, viz., 

AHylene, CHa'CsCH. It is formed by the action of 
propylene bromide on an alcoholic solution of potassium 
hydroxide : 

CH3"CHBr-CHj5Br+2KHO = CH3-C=CH+2KBr+2H20, 

It is a colorless gas, which, like acetylene, gives explosive pre- 
cipitates with an alcoholic ammoniacal solution of cuprous 
chloride or silver nitrate. It unites with bromine, forming 
two compounds, allylene dibromide, CH3"CBr=CHBr, and 
dllylene tetrabrmnide, CH3"CBrg'"CHBr2. 

Propyl Chloride, CH3"CH2"CH2C1, or CgH^Cl, is a color- 
less liquid, boiling at 47°. It is obtained from normal propyl 
alcohol by the action of gaseous chlorhydric acid. 

l8opropyl Chloride, CHg'CHCrCHg, or CgH^Cl, obtained 
from isopropyl alcohol. It boils at 37°. Both have a pleasant 
odor and resemble ethyl chloride. 

Fi'opyl bromide, CHs'CHrCHaBr, or CsHtEf, boils at 71°. 

Isopropyl bromide, CHs'CHBr'CHa, or C3H7Br, boils at 6V, 

Both are obtained from the corresponding alcohols by the action of 
bromhydric acid. They resemble ethyl bromide very much. 

Propyl iodide, CHa'CHrCHJ, or CaH,!, boils at 102". 

Isopropyl iodide, CHa'CHI'CHs, or C3H7I, boils at 80°. 

Both are obtained from the corresponding alcohols by the action of 
gaseous iodohydric acid, and are liquids resembling ethyl iodide, being 
colorless and having pleasant odors. 

Propylene chloride, CHa'CHCl'CHaCl, or CaHeCla is formed on the 
contact of propylene and chlorine. It boils at 97°. By continued action 
of chlorine, aU the hydrogen is replaced by chlorine. 

The other dichlorpropylenes are (1) CHs'CHCrCHaCl, boils at 97°. 
(2) CHaCrCHrCHaCl, boils at 117°. (3) CHs-CHrCHCla, boils at 
85°. (4) CHa-CCla-CHa, boils at 70°. All four have the formula 

OsHeCla. 

Propyl Alcohol, CH3"CH2'CHsj(0H), or CgHsO, is formed 
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in smalf amounts in the fermentation of sugar, and is hence 
present in crude spirit. 

It can be formed synthetically from ethyl cyanide. Ethyl cyanide 
is converted into propionic acid by boiling with potassium hydroxide : 

C2H5-CN + 2 H2O = CaHrCOOH + NH3. 

The propionic acid is transformed into its lime salt, which, after being 
well dried at 100°, is distilled with calcium formate : 

CaHftCOOXp^ , HCOO\p„ CaHa-CHO , CaCO, 
CH.COO/^* "T- HCOO/^* - C^HrCHO + CaCOa' 

The propionic aldehyde which is thus obtained is converted into propyl 
alcohol by the action of nascent hydrogen (sodium amalgam) : 

CaHs-CHO + Ha = CaH5'CH2(0H), or CHa-CHrCHaCOH). 

Propyl alcohol is a liquid with a pleasant alcoholic odor. It 
boils at 98°. ^ 

All the reactions of both propyl and isopropyl alcohols are analogous to 
those of methyl and ethyl alcohpls. Their halogen substitutions, ethers, 
and esters are formed in the same manner as the corresponding derivatives 
of the Ca group from ethyl alcohol. 

Isopropyl Alcohol, CH3"OH(OH)"CH3, or CgHgO, is also 
formed in small amounts in the alcoholic fermentation of 
sugar, and is hence present in crude spirits. It is usually 
made artificially either from glycerol or acetone. 

Glycerol when heated with iodohydric acid yields isopropyl iodide : 
CsH.Os + 5 HI = CsHtI + 2 la + 3 HaO, 

which when boiled with plumbic hydroxide and water gives isopropyl 
alcohol : 

2 C«H,I + Pb(OH)a = 2 C,H,0 + PbU. 

It is formed from acetone by reduction with sodium amalgam : 
CHs-C0-CH3 + Ha = CH,-CH(0HrCH3. 

It is a liquid resembling propyl alcohol. It boils at 83°. 
The normal propyl alcohol yields propionic aldehyde. 
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CH3"0H8"CH0, and propionic acid, CHj'CHjj'CdOH, on 
oxidation. By oxidation of isopropyl alcohol, however, acetone, 
CHj'CO'CHa, is first formed. By further oxidation, the mole- 
cule splits, giving acetic and formic acids. Owing, however, 
to the easy oxidizability of formic acid, acetic acid and carbonic 
acid are the final products. The oxidation of the alcohol, 
affords, therefore, a method of ascertaining whether the OH is 
bound to the CH3 or the CHg. 

The first oxidation product of propyl alcohol is Propionr- 
aldehyde, CH3~CH2"CHO, or CgHgO. It can also be obtained 
distilling a salt of propionic acid with a salt of formic acid. 
It is a colorless liquid, soluble in but not miscible with water. 
It boils at 49°, and has a suffocating aldehyde odor. It 
oxidizes on exposure to the air to propionic acid. 

The first oxidation product of isopropyl alcohol is Acetone, 
Dimethyl-ketone, CH3"CO"CH3,* or CgHgO. Acetone is 
formed by the dry distillation of many organic substances e.g,, 
sugar, tartaric acid, etc. It is a constituent of wood-spirit. 
It is also formed by the action of zinc methyl on acetyl 
chloride : 

(CH3)2Zn + 2 CHg-COCl = 2 CH3"CO-CH3 + ZnClg. 

The best method of producing it is to submit salts of acetic 
acid to dry distillation : 

CHg'COOl^a CHgXp^ , T^^ p^ 
+ CHrCOONa = CH3/^^ + ^^,003. 

It is a limpid liquid with a peculiar odor. It boils at 58°, 
and is miscible with water, alcohol, and ether. 

Acetone breaks on oxidation into formic (carbonic) and 
acetic acids. It is converted by reduction with sodium amal- 
gam in aqueous solution into isopropyl alcohol : 

- CH3"CO'CH3 + 3 = CHg'COOH + CHOOH 

Acetic acid Formic acid 

CHj-CO-CHs + Hj = 0H,-CH(OH)-CH, 

isopropyl alcohol 



u 
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It combines with acid alkaline sulphites, forming crystalline 
compounds. 

Chlorine acts directly on acetone with substitution of the hydrogen : 
CsHbO, Acetone. 
CsHsCIO, Monochloracetone, colorless liquid. Boils at 119°. It causes 

weeping. 
C«H4Cl20, IHchloracetone,hoilsa,tl20\ ItsconstitutionisCHCirCO'CHa- 

The compound isomeric with it, CHaCl'CO'CHaCl, forms 
colorless crystals, fusing at 43° and boiling at 172-174°. 
C3H3CI3O, TricMoracetone, CCla'CO'CHj, boils at 170-174°. 
C3HaCl40, TeiracMoracetone. 
CsHCUO, Pentachlor acetone t boils at 190°. 
C3CUO, Ferchloracetone, boils at 300°. 

They are liquids with powerfid odors. The higher chlorinated 
acetones, as the trichloracetone, etc., combine with water, forming crystal- 
line hydrates. 

By the action of gaseous chlorhydric acid, or concentrated sulphuric 
acid, acetone is condensed, several molecules uniting to one molecule with 
the elimination of water. The most important of these are : 
Mesityloxide, OeHioO, colorless liquid boiling at 130°: 

2C3H«0-H,0 = C«H,oO. 

Phoronej CjHmO, fuses at 28° and boils at 196° : 

8 C.HeO - 2 HaO = aHuO. 

MesityUne, C»Hia : 

3 CsHbO — 3 HaO = GvMis. « 

We shall consider these compounds in the aromatic series. 

We see from the name of acetone, " dimethyl-ketone," that 
there are other similar bodies, or " ketones," which contain, 
instead of the methyls, other hydrocarbon rests. Acetone 
may be considered as a compound in which the two active 
valences of CO are satisfied by two CHg's : 



Si: oo<™: oo<c!. 



co^ xtt» co^^g« co< 

Acetone Urea Carbonyl chloride 



One of the methods of producing acetone can easily be 
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varied so as to produce mixed ketones. Zinc methyl and 
acetyl chloride give acetone ; zinc ethyl and acetyl chloride 
yield methylethyl-ketone ; zinc ethyl and propionyl chloride 
form di-ethyl'ketone, and so on. Mixed ketones, and especially 
those of a higher order, can also be produced in another way. 
In the same manner that the distillation of an acetate affords 
acetone, the distillation of the salts of higher acids produce 
ketones of a higher order. Thus a salt of propionic acid 
yields on distillation di-ethyUhetone : 

CgHg-COONa CgHgXp^ , ^^ p^ 
+ O.H^COONa = C,H^/^0 + ^^^CO,. 

By the distillation of a mixture of an acetate and a propionate, methyU 
ethyl-ketone is obtained : 

CH, COONa CHaXpn i xr« on 
+ CaHrCOONa = CaHa/^^ + JMaaCO,. 

If instead of an acetate, a formate is taken, the aldehyde of the acid 
is obtained, one of the free valences of the CO being neutralized by an H, 
the other by a hydrocarbon rest : 

CHa-COONa CH 



3-COONa _ CH^V;^ , ^ p^ 



The compound ^^\C0, as is evident, is CHa'CHO, or CaHiO, alde- 
hyde. The production of many aldehydes and alcohols of higher orders 
depends on this method. Ketones are therefore aldehydes in which the 
H of the CHO is replaced by a hydrocarbon rest. The relations are seen 
at once from the foU owing formulas : 

Methyl aldehyde, Co/^- 
Ethyl aldehyde, Co/^^^. 



Methyl ketone, Co/^g 



The ketones, like the aldehydes, are reduced by sodium amalgam. 
They always yield the secondary alcohols : 

CHs-CO-CHa + Ha = CHa . CH(OH) . CHs. 
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An intermediate product is formed in the reduction, however, by two 
molecules of the ketone taking up two atoms of hydrogen forming pina- 
cones. 

2 (CH8)a=C0 + Ha = (CH3)3=C(OH)-C(OH)=(CH,), = C«Hi40a. 

The pinacones are, hence, glycol^. They are characterized by their 
losing easily a molecule of water when treated with acids, forming pinti- 
colines : 

CflHi402 - H2O = CeHiaO = (CHs)s=C-C0CH8. 

The pinacolines are ketones. The pinacoline obtained from acetone is 
the tertiary methyUbutyl-Jcetone, 

Ketones unite like the aldehydes with cyanhydric acid, forming cyan 
compounds : 

(CH3)2=C0 + HON = (CH3)2=C<^2^ 

Ketones break on oxidation into two acids of lower carbon series : 
CHrCO-CHa + 30 = CHa'COOH 4- HCOOH. 

In this reaction the CO-group remains in combination with the lesser 
hydrocarbon rest : 

CiHrCO'CaH, + 30 = C4H80a + CHj'COOH. 

Prapi<mlc Acid. CHg'CH^'COOH, or CgHeO^, is the sec- 
ond oxidation product of normal propyl alcohol, and can be 
obtained by the oxidation of it. It is also formed by boiling 
ethyl cyanide with potassium hydroxide : 

OjjHb'CK + KOH + HgO = C^Hg-COOK + NH3. 

In nature it occurs in the sweat, in the fluids of the stomach, 
and in the blossoms of the' milfoil. It is a liquid with a sharp 
odor resembling that of acetic acid. It distils at 140°. It is 
miscible with water, but is separated as an oil floating on the 
surface by dissolving salts in its solution. 

Chlorine, bromine, etc., substitution-products, the anhy- 

dride,^2H6lgO\ Q^ propionyl chloride, CgHg-CO'Cl, as 
8 
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well as many salts and esters have been produced. Their 
properties are easily deduced from the corresponding acetyl 
compounds. 

Propyl glycol. There are two isomeric propyl glycols : 

1) CH,(OH) 2) CHa 

CHa CH(OH) 

CH2(0H) CH2(0H). 

The first is the normal propyl glycol, the second the iao^opyl glycol. 
Both are oily liquids, the former boiling at 216% the latter at 186°. Their 
chlorhydrins, acetates, etc., are known. 

By oxidizing the normal propyl glycol, there is produced 
the normal 

Propyl-glycolUc Acid, CH2(OH)"CH2"COOH, or CsHeOg. 
It is a syrup yery much resembling lactic acid. Its salts are, 
however, different from those of lactic acid. It can be pro- 
duced synthetically. 

Mhylene-glycol, CH2(OH)~CH2(OH), is converted by chlorhydric acid 
into ethyleneglycol hydrochloride CH2(0H)"CH2C1) glycol-chlorhydrin), 
which, in turn, by the action of potassium cyanide passes into the cyanide, 
CH2(OH)"CH2(CN). The cyanide on boiling with potassium hydroxide 
yields propylglycollic acid : 

CHaCOHrCHa-CN + KHO + H2O = CH2(0H)-CH2-C00K + NH,. 

Propylglycollic acid, being a glycoUic acid, is both alcohol 
and acid. On oxidation, the alcoholic group CH2(0H) is con- 
verted into carboxyl, CO(OH), forming malonic acid : 

C0(0H)"CH2-C0(0H). 

On heating, water splits out, yielding acrylic acid, C3H4O2 : 
CH2(OH)"CH2"COOH = CH2=CH"C00H + H3O. 

By the oxidation of isopropylglycol we obtain 
Isopropylr-gly collie Acid, Lactic Acid, CH3~CH(0H)~C00H. 
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• 

Lactic acid occurs in sour milk and in many plant juices. It 
is formed from sugar by a peculiar fermentation known as the 
" lactic fermentation," and is found in many sour, fermented 
liquids (sauerkraut, etc.). It can be formed synthetically 
from aldehyde and cyanhydric acid. 

If aldehyde and cyanhydric acid are treated with concentrated chlor- 
hydric acid, a compound is formed which contains the elements of both 
aldehyde and cyanhydric acid : 

CH,-CHO + CNH = CH,-CH(OH)-CN. 

As it is a cyanide, the N can be replaced by the group 0(0 H), thus form- 
ing lactic acid : 

CH3"CH(0H)-CN + 2H,0 = CH3"CH(0H)-C00H + NHs. 

In the same manner, therefore, that propylglycollic acid is 
formed from ethylene glycol, lactic acid is produced from alde- 
hyde, i.e., from the hypothetical ethylidene glycol : 

It is usually made by allowing sugar to stand several days with putrid 
cheese, chalk, and water at a temperature of 3(^-35**. Calcium lactate is 
formed, from which the lactic acid is set free by sulphuric acid. 

Lactic acid is a syrup with a sour taste. It is miscible with 
water, alcohol, and ether. On distillation, it gives off water 
and is converted into the anhydride, CgH^jOs : 

CH3-CH(0H)"C00H _ CH3-CH(0H)-C0\^ . tt n 
+ CH3-CH(0H)"C00H " Gllf GB.(OB.Y GO /^ "^ ^2^* 



Lactic aiihydridi 



The formation of the anhydride takes place partly at or- 
dinary temperatures. 

At 260° another molecule of water splits out of lactic an- 
hydride, forming Laclide, G^TI^O^^ : 
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CH,"CH-CO\ 

CH3-CH OH -CO/^ = ? /^ + ^^• 

CH3"CH"C0/ 

Lactide 

Lactide forms rhombic tablets fusing at 1245°, but little 
soluble in water. In contact with water it gradually changes 
back into lactic acid. 

The most important salts of lactic acid are : 

Magnesium ktctate, (C3Hs03)2Mg. It is obtained by neutralizing lactic 
acid with magnesium carbonate. Small bitter crystals difficultly soluble 
in water. 

Zinc lactate y (C3H503)2Zn, is obtained by neutralization of lactic acid 
with zinc carbonate. Acicular crystals soluble in 58 parts of cold water. 

Ferrous lactate, (C3H503)2Fe, yellowish-green crystalline powder diffi- 
cultly soluble in water. 

Both of the isomeric lactic acids are homologues of glycollic 
acid. They are part alcohol and part acid, and possess the 
same peculiarities as the glycollic acid. They form ester-acids, 
CH3~CH(OC2H5)"COOH, ethyl-lactic acid, and esters, 
CH3"CH(OH)"COOC2H5, ethyl lactic ester. When the al- 
coholic hydroxyl is replaced by NHg, amic acids are formed, 
as CH3"CH(NH^)"C00H, lactamic acid, or alanine, while 
the replacement of the hydroxyl of the carboxyl by NHg pro- 
duces amides, as lactamide, CH3"CH(OH)"CONH2. 

The isomeric propyl-glycollic acids show marked differences on oxida- 
tion. The normal acid oxidizes to malonic acid, COOH~CH2"0OOH, the 
ordinary lactic acid to pyroracemic acid, CHs'CO'COOH, which, however, 
is immediately oxidized into acetic and formic acids. The differences in 
the zinc salts are still more striking. Zinc propylglycoUate crystallizes 
with 4 H2O, and is easily soluble in water, while zinc lactate crystallizes 
with 3 H2O, and is difficultly soluble in water. 

In the juice of the muscles there exists an acid called sarcolactic acid. 
It is a mixture of normal propylglycoUic acid with an optically active 
modification of lactic acid known asparalactic acid. This acid turns the 
plane of polarized light to the right. Its zinc salt differs from that of 
lactic acid by crystallizing with 3 HaO, and being easily soluble in water. 
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Malonic Add, C00H"CH2"C00H, or C3H4O4, is the oxi- 
dation product of the normal propylglycoUic acid, or ethylene- 

lactic acid. It is made from cyanacetic acid, CHg/^ POOH* 

By the action of potassium cyanide, monochloracetic acid is converted 
into cyanacetic acid, and this by boiling passes into malonic acid : 

CN COOH 

C^Ha +HKO + H20 = CH,4-NH3. 
COOH COOK 

It is crystalline and soluble in water, alcohol, and ether. It 
fuses at 132°, and at higher temperatures decomposes into 
acetic and carbonic acids. It is a dibasic acid and forms two 
series of salts, acid and neutral. 

Its ethyl ester, CH2(C00C2H5)2, has, like acetic ester, the power of tak- 
ing up one atom of sodium, yielding a compound which easily decomposes 
with chlorides, bromides, etc., and affords a convenient method for the 
synthesis of complicated dibasic acids, e,g. : 

CHNa(C00CaH5)a + C^HftBr = NaBr + C^Ha'CHCCOOCHs),. 

Ethylmalonic ethyl ester 

Pyroracemic acidf CHs'CO'COOH, or C8H4O3, is produced by the dis- 
tillation of racemic acid : 

C4H«0« = C3H4O3 + COa + H2O. 
Racemic acid 

It is also formed by decomposing acetyl cyanide, CHs'CO'CN, with 
ohlorhydric acid. It is a colorless liquid with a piercing odor, miscible 
with water, alcohol, and ether. It boils at 165° with partial decomposi- 
tion. It is monobasic. Nascent hydrogen converts it into lactic acid : 

CHa-CO-COOH + Hi = CH3-CH(0H)-C00H, 
just as acetone is converted into isopropyl alcohol. 

We have as yet only considered those oxidation-products of 
propane in which the hydrogen of one or two carbon atoms has 
been oxidized. If the oxidation takes place at all three of the 
carbon atoms, we obtain as the first representative of the class 
of compounds : 
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Glycerol, Glyceriiie,CH2(OH)"CH(OH)-OHg(OH),C3H803. 

Glycerol occurs in almost all the vegetable and animal fats 
and oils. The fats and oils are, in fact, glyceric esters of 
monobasic acids of high carbon content (oleic, palmitic, 
stearic, etc.), the hydrogen of the three hydroxyls being 
replaced by the acid rests. A small amount of glycerol is 
formed during the alcoholic fermentation of sugar (about 3^ 
of the sugar fermented). It is made commercially by decom- 
posing fats with superheated steam. 

It is a colorless syrup with a sweet taste. Its sp. gr. is 
1.28, and it is miscible with alcohol and water. It attracts 
moisture from the air. When perfectly pure, it distils at 
290° without decomposition, but when not quite pure, it 
decomposes at about 275° into acroleine (p. 123) and water. 
It distils easily with steam. 

Since glycerol contains three alcoholic hydroxyls, it forms three series 
of esters with acids. The acetic esters, or acetins, are as follows : 

Monacetin, CHa(OH)-CH(OH)"CHaO(C2H30), 
ZHacetin, CH2(OH)-CHO(C2H30)"CHaO(C2H30), 
Triacetin, CH.,0(C2H30)-CHO(C2H30)-CH20(CaH30). 

The stearic and oleic esters are called stearin and ole%n. They will 
be considered under the fats. In the same manner that glycerol forms 
esters, or compound ethers, with acid rests, it yields ethers with alcoholic 
rests, as, for instance : 

Mon-ethylglycerol, CzR^{On)^i{OCi'Rt), 
Di-ethylglycerol, C3H6(0H)(0C2H6)2, 
Trirethylglycerolf C3H5(OCaH6)3. 

We have seen that a mixture of glycerol and oxalic acid yields formic 
acid when heated at 110^. This reaction depends on the formation of the 
primary glycerol oxalic ester, which on heating to llO** evolves carbonic 
acid and passes into formic acid : 

CH2{OH)-CH(OH)-CHaO-CO-COOH 

Glycerol oxalic ester 

= CH2(OH)-CH(OH)-CH20-CHO + COa 
Glycerol formic ester 
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The formic ester thus formed breaks into glycerol and formic acid by 
boiling with water : 

CH2(0H)"CH(0HrCH«0"CH0 + H,0 
= CH,(0H)-CH(0H)-CH8(0H) + CH^Oa. 

If glycerol is dropped into a cooled mixture of concentrated nitric and 
sulphuric acids, glycerol nitric eater, or nitrin, wrongfully called nitro- 
glycerine, is formed : 

CH2(ONOa)"CH(ON'02)~CH2(ON02), TrinitHn, 

It is a light-yellow oil, which explodes violently on concussion. It is used 
as a blasting agent. Mixed with \ of its weight of infusorial earth, it 
bears the name of dynamite. The other nitrins are also known. 

By mixing glycerol with concentrated sulpliuric acid, glycerol sul- 
phuric ester, C3H5(OH)2S04H is produced. With phosphoric anhydride, 
glycerol phosphoric ester is formed, C3H6(OH)2H2P04. The- latter aeid is 
also formed from the decomposition of lecithin, a substance occurring in 
the brain and in the yolks of eggs. 

On treatment with chlorhydric acid, glycerol yields chlor- 
hydrins. The longer the action, the higher will be the sub- 
stitution : 

Monochlorliydrin, C3H5(0H)2C1, 
DicUorhydrin, C3H5 (OH^Clg, 
Trichlorhydrin, C 3 H 5 CI 3 . 

We see that this reaction is the same as the one by which 
the alcohols were converted into chlorides : 

CH^O + HCl = CH3CI + H2O, 
C3H3O3 + HCl = CgH^ClO, + H,0, 

the only difference being that with glycerol the reaction takes 
place in three phases, and the three products of it can be 
isolated : 

MonochZorhydrin, C3H7CIO2, is formed by heating glycerol saturated 
with chlorhydric acid gas. It is an oily liquid boiling at 220\ 

Dichlorhydrin, CsHeClaOa, is produced in two isomeric forms 
by continued heating of glycerol with chlorhydric acid. The first 
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modification, CH,CrCH(OH)-CH,Cl, boils at 172^-173" ; the second, 
CH,CrCHCl-CH.,OH, at 182''-183% Both are liquids with agreeable 
odors, and difficultly soluble in water. By the action of potassium 
hydroxide, HCl is split out, forming epicMorhydrin, CaflsClO. 

TriMorhydrin, C3H6CI3O, is formed by the action of phosphorus 
pentachloride on dichlorhydrin. It is a liquid resembling chloroform. 
It boils at 158°. 

Corresponding to the chlorhydrins, there are hromhydrins 
and chlorbromhy drifts, etc. 

If glycerol is digested with iodohydric acid, an inverse sub- 
stitution, i.e., a reduction, is effected, and isopropyl iodide, 
CH3-CHI-CH3, is obtained. 

The iodohydric acid converts the glycerol first into isopropyl alcohol : 

CHa(0H)-CH(0H)-CHa(0H) + 4 HI = CH,-CH(OHrCH, 

+ 3H20 + 2Ia. 

The isopropyl alcohol is, however, at once changed into isopropyl iodide 
by the further action of the acid: 

CH8-CH(OH)-CH3 +HI = CH3-CHI-CHS + H^O. 

When glycerol is mixed with phosphorus di-iodide, PI^, 
heat is strongly evolved and allyl iodide, C3H5I, propylene, 
OgH^, ahd iodine are formed: 

OH8(OH)"^CH(OH)-CH2(OH) + PI^ = CH2=CH""CH J 

+ PH3O3 + L 

In the same manner that poly-glycols are formed from 
ethylene glycol, poly-glycerols are obtained from glycerol. 
They are simply ethers of glycerol. 

By cautious oxidation, glycerol passes into glyceric acid. 

Glyceric Add, CH2(0H)"CH(0H)"C00H, or CgHgO^, is 
a monobasic acid, yielding crystallizable salts with metals. 
The free acid does not crystallize. 

Tartronic acid may be regarded as the next oxidation pro- 
duct of glycerol, although it is not obtained from glycerol. 



-A 
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COOH 
I 
Tartrantc ctcid, OH(OH), or C3H4O6. It is obtained from nitrotartaric 

COOH 
acid (p. 136) and is a dibasic acid forming large colorless crystals. It 
fuses at ISO**, decomposing into carbonic acid, water, and glycolide : 

CO \ 

C.HaOa, I >0. 

We* may consider mesoxallc acid as the last oxidation product of gly- 
cerol : 

COOH 

Meaoxalic acid, CO , or C8H2O0, is obtained by treating dibrom- 

COOH 
malonic acid, COOH"CBra"COOH, with silver oxide. It crystallizes in 
colorless, deliquescent prisms containing water of crystallization. It is 
dibasic and very unstable, oxidizing easily to oxalic and carbonic acids : 

COOH 

I COOH 

CO +0=1 + COa. 

I ^ COOH ^ 

COOH 

A reaction of glycerol with phosphorus di-iodide has just 
been noticed, by which allyl iodide, CHg^OH'CHgl, or C3H5I, 
is produced. If the iodine in this iodide is replaced by hy- 
droxyl (which can be effected by the well-known method of 
converting the iodide into an ether and then decomposing 
it by an alkali), the representative of a new class of alcohols 
is obtained. They contain a pair of doubly bound carbon 
atoms, and hence have two atoms of hydrogen less than the 
ordinary alcohols. They behave with the various reagents in 
the same manner as the ordinary alcohols, suffer the same 
substitutions, etc. In the presence of nascent hydrogen they 
take up two molecules of hydrogen. They also combine with 
halogens, viz. : 

CsHgOH + Brjj = CHjjBr'CHBr'CHjOH. 

This class of compounds is called uyisaturated. Those be- 
longing to the G3 series are the more important, and are de- 
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rived from propylene, CH2=0H"CH3. They bear the name 
allyl, because some of them occur in members of the allium 
family. 

Allyl Iodide, CHj5=CH"OH2l, or O3H5I, is obtained by the 
action of phosphorus di-iodide on glycerol.. It is a colorless 
liquid with the odor of leeks. It boils at 101°. 

When treated with chlorine or bromine, iodine separates, and allyl tri- 
ehJoride, CsHftCls (trichlorhydrin), or allpl tribromide, CsHsBrs (tribrom- 
hydrin), are formed. The latter gives with potassium cyanide allyl trU 
cyanide, C3H5(CN)8, which when boiled with potassium hydroxide affords 
tricarbdUylic acid, OaHs (GP0H)3. By digestion with a silver salt (the 
oxalate is usually employed) silver iodide and allyl oxaUc ester are formed. 
The latter is decomposed by ammonia into allyl alcohol and oxamide : 

CO(OC.H.) CO(NH,) 

C0(0CaH5) ^ CO(NH0 ^ 

jUlyl Alcohol, 0H2=CH"CH20H, or CgHgO. Allyl alcohol 
is isomeric with both propyl alcohol and acetone. It is found 
among the products of the dry distillation of wood. It can 
be made, as just shown, from allyl iodide, or by heating gly- 
cerol with oxalic acid at 200°. 

In this case the formic ester of glycerol is formed, which at 200° breaks 
into carbonic acid and allyl alcohol, water being eliminated : 

C,H5(OH)rO-CHO = CsHeOH + CO, + HaO. 

Allyl alcohol is a colorless liquid with a peculiar and pene- 
trating odor. It boils at 97°, is combustible, and miscible 
with water. It dissolves sodium with evolution of hydrogen, 
forming sodium alloxide, CgHgONa, which with allyl iodide 
gives the allyl ether, CgHg'O'CgHg. 

AUyl ether is a liquid boiling at 82°, and not miscible with water. 

Oxidizing agents convert allyl alcohol into the correspond- 
ing aldehyde (acroleine) and acid (acrylic acid). The oxida- 
tion of the alcohol is a method but poorly suited for the 
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production of acroleine or acrylic acid, since the greater part 
of the allyl alcohol is completely decomposed, breaking into 
acetic and formic (carbonic) acids. 

Acroleine, Acrole, CHg=CH"CHO, or C3H4O. Acroleine is 
made by heating glycerol to which glacial phosphoric acid or 
primary potassium sulphate has been added for the purpose of 
promoting the reaction. The glycerol loses two molecules of 
water : 

CsHgOs = CgH^O + 2H2O. 

It is a liquid boiling at 62°. Its odor is extremely unpleas- 
ant and attacks the mucous membranes very strongly. It is 
difficultly soluble in water, swimming like a layer of oil upon 
its surface. It changes gradually, when kept in closed vessels, 
into a polymeric body called disacryl, a white, flocculent sub- 
stance, the molecular weight of which is not known. It unites 
directly with chlorhydric acid, forming a body known as acro- 
leine hydrochloride, but which is really CHa'CHCrCHO. 
With sodium amalgam it does not form allyl alcohol, but 
propyl alcohol : 

CH2=CH"CH0 + 2H2 = CHs'CHg'CHgOH. 

As acroleine is an aldehyde, it gives all the characteristic 
reactions of aldehydes, taking up oxygen very easily and pass- 
ing into the corresponding acid. By boiling it with a silver 
salt a silver mirror is obtained, and also the silver salt of 

Acrylic Acid, CHg=CH"COOH, or CgH^O^. Acrylic acid 
is obtained in the free state by decomposing its silver salt 
with hydrogen sulphide. It is a liquid boiling at about 140°, 
with a piercing acid odor. It is a monobasic acid. Its salts 
are mostly crystalline. On oxidation, it breaks into acetic 
acid and formic or carbonic acids. Sodium amalgam reduces 
it to propionic acid : 
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It unites easily with bromine, forming dibrompropionic 
acid, and with iodohydric acid to mono-iodopropionie acid. 

By distilling allyl iodide with potassium cyanide we obtain 

AUyl cyanide, CsHa'CN. It occurs in commercial mustard-oil, and is 

a colorless liquid boiling at 118°. With potassium hydroxide it eyolves 

ammonia and passes into crotonie add : 

CHrCN + KHO + HaO = CHft-COOK + NH,. 

It is therefore called crotonie nitrile. 
By digesting allyl iodide with silver cyanide we obtain 
AUyl isoeyanide, CaHs'NC, which is a liquid with an offensive odor, 
boiling at 106°. Acids decompose it into formic acid and allyl-amine : 

AUyl Mustard' Oil, Mnstard-Oil par excellence, Allyl Thio- 
carhyl-amine, CgHg'NCS. Mustard-oil does not exist ready 
formed in nature, but is produced by a peculiar fermentation 
when the seeds of the black mustard are moistened with 
water. 

After removing the oil from the black mustard seeds by pressing, they 
are moistened with water and allowed to remain moist several days, after 
which they are distilled with water. The mustard-oil can also be pro- 
duced from allyl iodide and potassium sulphocyanate. 

Mustard-oil is a colorless liquid boiling at 148°. It has a 
piercing odor which causes weeping. It is insoluble in water. 
It produces blisters on the skin. 



./NH-CaHft 



L2 



Ammonia converts it into allylsulpho-urea, or ihiosinamine, 
By heating with lead oxide it yields di-allylured, or sinapoline, 

Allyl sulphocyanate, CsHs'SCN, is formed by the action of potassium 



J 
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snlphocyanate on allyl iodide in the cold. It is a liquid with a peculiar 
odor, which on distillation is converted into mustard-oil. 

C H \ 
Allyl Sulphide, Garlic Oil, n^jpr'^ /S, is contained in the 

bulbs of the garlic {allium sativum), and is obtained by dis- 
tilling them with water. It can also be produced from allyl 
iodide and potassium sulphide, KgS : 

2 G,ll,l + K,S = (C3Hfi),S + 2 KL 

It is a colorless liquid with the odor of garlic. It boils at 
140° and forms crystalline compounds with several metallic 
salts, as mercuric chloride. 



We shall only mentioit a few of the remaining compounds of the pro- 
pane series, since their formation and their more important properties 
can be deduced from the corresponding compounds of the ethane series. 

Propylamine, CHs'CHrCHaCNHa), boiling at 50°. 

laopropylamim, CH3"CH(NH.,)"CH3, boils at 32\ 

Both are alkaline liquids with ammoniacal odors. They form well- 
characterized salts with acids. 

Amidopropionic acid, alanine, CH3~CH(NH2)~COOH, is obtained by 
boiling aldehyde-ammonia and cyanhydric acid with chlorhydric acid : 

CH,-CH(NH2X0H) + HON + H.,0 = CHs-CH(NH2)-C00H + NH3. 

Alanine crystallizes in rhombic prisms, which on heating decompose 
into ethylamine and carbonic acid : 

C3H7NO2 = CaH,N + COa. 



Uric acid and its derivatives properly belong to the Cs group, as they 
do not contain more than three carbon atoms bound to each other, but a 
clearer understanding of this complicated class can be obtained by con. 
sidering them later on as a class by themselves. 
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Butane Compounds. 

Ik the butane group there are of course a greater number 
and variety of isomers than in the preceding groups. The 
base of the series itself, Butane, exists in two modifications^ 
depending upon whether a CH3 or a CHg of propane, 

CI13 cSg 00.39 

is substituted by a CH3. We have, therefore : 

CH3"CH2"CH2"CH3, Butane, 

and CH3"CH"0H3, Isobutane. 

CH3 

It is also evident that the result of a substitution of an H 
in the butanes by an element, or atomic complex, will depend 
on whether the substitution takes place in a CH3 or a CHg 
of propane, or a CH3 or a CH in the isopropane. We see 
hence that in case of a monosubstitution of the butanes 
there are four isomers. The number of isomers increases 
rapidly when several hydrogen atoms are substituted. 

We have not space to note all the possible substitutions of this series, 
many of which have not yet actually been obtained, and must be con- 
tent, therefore, to consider only the more important ones. 

1) Normal butyl chloHde, CHs'CHrCHa-CHaCl, or C4H9CI, is ob- 
tained from the correspbnding alcohol by the action of gaseous chlorhy- 
dric acid gas. It boils at 78°. 

2) Pseudobutyl eldoride, or secondary butyl chloride^ 

126 
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CHs'CHa'CHCrCHs, or C4H»CL 
It boils at 66°. 

ycH, 

8) Isdbutyl chloride, CH^-CH, , or C4H9CI. It boils at 69°. 

\CHaCl 

ycH, 

4) TeHiary hutyl chloride, CCI^Hs, or C4H,C1. It boils at 60-51°. 

XCHa 

All four of them are colorless liquids with pleasant odors. 

1) Normal hutyl iodide, CHs'CHa'CHa'CHal, obtained like the chlo- 
ride. Boils at 130°. 

2) Seconda/ry hutyl iodide, CHa'CHa-CHI-CH,, boils at about 80°. 

/CH3 

3) Isohutyl iodide, CH^CH, , boils at 121°. 

xCHal 

ycH, 

4) Tertiary hutyl iodide, CI^CH,, boils at 99°. 

1) Normal hutyl alcohol, propyl carhinol, CH3"CHa"CHa""CHaOH, 
C4H»0H, or C4H10O. It is obtained from the corresponding butyric 
acid by the method descril)ed under propyl alcohol. 

Calcium butyrate is mixed with calcium formate and submitted to 
dry distillation. The butyraldehyde is separated from the distillate and 
transformed into butyl alcohol by the action of nascent hydrogen. 

It can also be produced from glycerol by a peculiar fermentation. 

It is a colorless liquid with an odor partly like alcohol and partly like 
fusel oil. It boils at 116°, and is soluble in water, although not miscible 
with it in all proportions. Its properties are analogous to those of the 
preceding alcohols. On oxidation, it passes into butyraldehyde and nor- 
mal butyric acid. 

2) Secondary hutyl alcohol, ethyl-methyl-carhinol, 

CH3-CHa-CH(OH)-CH3, C4H9OH, C4HioO. 

It is formed from erythrol by the action of iodohydric acid, by a re- 
action analogous to the formation of isopropyl alcohol from glycerol 
(compare p. 120) : 

C4H,o04 + 7 HI = C4H J + 4 HaO + « I- 
Erythrol Sec. bnt.yl 

iodide 

C4H»I + KOH = C4H.0H + KL 
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It is also made indirectly. Dichlorether, CHaCrCHCrO"CaH5, is 
converted, by treatment with zinc ethyl, into ethylmonochlorether, 

CHaCrCHCCaH^rO-CaHs. 

This compound is then transformed into butyl iodide and ethyl iodide by 
treating with iodohydric acid : 

CH8Cl-CH(C,H6)-0-C«H» + 4 HI = CHs-CHI-CaHs + CaHJ 

+ HCl + HaO + la. 

The butyl iodide is then oonverted into the alcohol by the action of moist 
silver oxide : 

2 CaH5"CHI"CH, + AgaO + H,0 = 2 CaH5~CH(0H)"CH3 + 2 Agl. 

The formula CaHs'CHI'CHa is CHa'CHrCHI'CHa, or secondary- 
butyl iodide, and the alcohol obtained from it is hence 

CH8"CHrCH(0H)-CH,. 

Secondary butyl alcohol is a colorless liquid with a pleasant odor. It 
boils at 98°. It is soluble in water, but not miscible with it. It loses the 
elements of water easily and passes into butylene, CH3~CH=CH"CE[3. 
It is* transformed by oxidation into the ketone : 

CH,-CHrCO-CHs, or C0<^^^^"^^% 

methyl-ethyl ketone. By further oxidation it breaks into two molecules 
of acetic acid. 

3) Isobatyl Alcohol, Isopropyl Carbmol, 

/OH3 
CH^CH3 ,C,H,OH, 0,H,oO, 
\CH2OH 

is formed in small amounts in the alcoholic fermentation of 
sugar, and hence occurs in crude spirits. 

In the rectification of crude spirits, it goes over, after the ethyl alcohol 
has been distilled, with the fusel oil, from which it is separated by frac- 
tional distillation. 

It is a liquid which boils at 107°, and is soluble in, but not 
miscible with, water. Its odor resembles that of fusel oil. It 
is converted by oxidation first into isobutyraldehyde and then 
into isobutyric acid. 



i 
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4) Tertiary Imtyl cdcohol, trimethyl carbinol, 

/CHa 
C(0H)^CH3, C4H,0H, C4H,oO. 
\CH, 

It is made from acetyl chloride and zinc methyl. 

By allowing the mixture to stand some time at a gentle heat, a com- 
pound of one molecule of acetyl chloride with two molecules of zinc methyl 
separates in crystals. Water decomposes this compound into tertiary 
butyl alcohol) zinc hydroxide, and methane : 



fCHa-COCl + 3 ^g»\Zn"1 + 
LAcetyl chloride Zinc methyl J 



6 HaO = 3 CH,-C(OH)/^^» 
Tertiary batyl alcohol 
+ 4 CH4 + 3 Zn(HO)a + ZnCla. 



The alcohol is an oily liquid solidifying at the ordinary temperature 
in crystals. It boils at 82**, and has a characteristic camphor-like odor. 

<CH' 
Qg*, and water. On ox- 
idation it yields chiefly acetic and propionic acids besides carbonic acid, 
ft.e., oxidized formic acid. 

We have now become familiar with three kinds of alcohols. 
The first are the proper, normal^ or primary alcohols. They 
are characterized by containing the group CH^OH, and give 
on oxidation an aldehyde and an acid. As the OH replaces 
an H of the group CH3, there remain two H's which can be 
oxidized. To this class all the normal alcohols and also the 
isobutyl alcohol belong. The second group of alcohols is 
called secondary. They are characterized by the group 
CHOH. The hydroxyl replaces an H in a CHg, thus leaving 
only one oxidizable H. On oxidation they do not give an 
aldehyde and an acid, but yield a ketone, which by continued 
oxidation breaks into two acids of lower carbon content, the 
molecule breaking at the carbon atom which holds the 
hydroxyl : 

CH3"CH2"CH(OH)"CH3 yields acetic acid. 

Secondary butyl alcohol 

Isopropyl alcohol and the secondary butyl alcohol belong 

9 
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to this class. They lose the elements of water easily, yielding 
a hydrocarbon of the formula O^Hg,, e.g.: 

CH3"CH2"OH(OH)"CH3 = CH3"CH=CH"CH3 +H2O. 

The third class of alcohols, which are known as the tertiary ^ 
is characterized by the group C~OH, formed by the replace- 
ment of an H in the group CH. The hydroxylated carbon 
does not bind any oxidizable hydrogen, and by oxidation they 
break at once into acids of lower carbon content : 



y 



CH 



3 



C(0H)^CH3 yields acetic and formic acids. 

The tertiary alcohols have also the tendency to drop out the 
elements of water and pass into hydrocarbons of the formula 
C.Hg,, e.g.: 

CH3"C(OH)"CH3=CH3"C=CH2 + H^O. 
I 



CH 



3 



CH 



3 



The most convenient method of naming the alcohols is to 
consider them as derivatives of methyl alcohol, or carbinol. 



VIZ. : 



H-^O . OH 
H/ 

OH, . OH 

Carbinol 
Methyl alcohol 

CH.^O . OH 

hV 

C3H,.0H 

iBopropyl alcohol 
Dimethyl carbinol 



CH, 



N- 



O.H 



H -^C . OH 
H / 

C.H5 . OH 

Ethyl alcohol 
Methyl carbinol 

H -^0 . OH 
H / 

C^Hq . OH 

Butyl alcohol 
Propyl carbinol 



2 



»\. 



H -^C . OH 
H / 

C,H, . OH 

Propyl alcohol 
Ethyl carbinol 

dn'C^G . OH 
hV 

0,H, ,0H, etc. 

Sec. Dutyl alcohol 
Methylethyl carbinol 



The other bonds of the hydroxylated carbon atom must, of course, be 
satisfied by hydrocarbon rests : 



BUTYBIC ACID. 131 

CHa"OH binds one carbon atom ; 

CH"OH binds two carbon atoms, each by one bond ; 

C~OH binds three carbon atoms, each by one bond. 

Certain of the isomeric alcohols can be transformed into each other. 
The primary pass into the secondary, and these into the tertiary. In 
some cases a primary alcohol can be transformed into another isomeric 
primary alcohol. 

Among the four butyl alcohols described, there are only two which 
yield aldehydes. The normal butyl alcohol gives the normal hutyraMehyde, 
CHa"CHrCHrCHO, or C4H8O, a liquid with an aldehyde-Hke odor, 

boiling at 75**. Isobutyl alcohol yields isohdyrcddehyde, CHs'CH/ ngo » 

which boils at 61° and resembles the other aldehyde. Prom the second- 
ary butyl alcohol a ketone is derived, meth/yl-ethyl ketone (p. 128), a liquid 
with an ethereal odor, which boils at 81°. No oxidation-derivative con- 
taining four carbon atoms is possible from the tertiary alcohol. The two 
aldehydes give isomeric acids on further oxidation, viz. : btUyric acid 
and isobutyric acid. 

Butyric Acid, CHg'CHg'CHg-COOH, or C^HgOg. Butyric 
acid occurs with other acids as a glycerol ester (butyrin) in 
butter. It exists also in. the perspiration, in the. liquid of the 
muscles, and in the carob bean. It is formed by the lactic 
fermentation of sugar, and is hence found in Sauerkraut, sour 
pickles, etc. It is also formed by the oxidation of the normal 
butyl alcohol. 

It is obtained by the fermentation of sugar. Sugar is mixed with 
chalk, putrid cheese, and water, and allowed to stand several weeks at 
80-35°. The calcium lactate, which is formed at first, by continued 
fermentation evolves carbonic acid and water, and passes into calcium 
butyrate : 

2 CHflOs = C4Hfe03 + 2 COa + 2 HaO. 
Lactic aci^ Butyric acid 

Butyric acid is a colorless, strongly acid liquid, with an odor 
resembling that of acetic acid. It boils at 163.5°. When it 
contains a trace of ammonia, it has an offensive odor of per- 
spiration. It is miscible in water, but is separated on dissolv- 
ing salts therein. Its salts are crystalline. It forms with 
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acetates double salts, which consist of one molecule of butyric 
acid combined with one molecule of acetate. 

Isobutjiic Acid, CH3"CH<^nQATT, or C4H8O2. Isobutyric 

acid is formed by the oxidation of isobutyl alcohol. It is 
also obtained by boiling isopropyl cyanide with potassium 
hydroxide : 

CHg-CH/g]^ +KHO + H20 = CH3-CH/gg^^ 

+ NH3. 

Its properties resemble those of butyric acid. It boils at 
164°. Its lime and lead salts differ from the corresponding 
ones of butyric acid. Calcium butyrate, (03H,C00)2Ca, is 
more easily soluble in cold water than in hot, while calcium 
isoibutyrate is more easily soluble in hot than in cold water. 
Plumbic butyrate, {G^'Q.^CO^)^ Pb, is crystalline, yfh\\Q plumbic 
isobutyrate solidifies to a resinous amorphous mass. 

There are six possible glycols derivable from the two butanes : 

1) CHaCOH) 2) CHa(OH) 8) CHa(OH) 4) CH, 

6h, CH(OH) CHa CH(OH) 

CH, CHa 6h(0H) CH(OH) 

6Ha(0H) CHs CHa CHa 

/CHa(OH) /CHa(OH) 

5) CHf CH2(0H) 6) C(0H):^CH3. 

XCHa XCHa 

Of these six, there are four knows. 

Of the five possible butylglycoUic acids, or hydroxybutyric acids, three 

are known, viz.: a-Hydroxybutyric acid, CH3"CHa"CH(0H)"C00H, 

P-hydroxyhutyric aeid, CH8"CH(0H)"CHa"C00H, and acetonic ctcid, 

/COOH 
C(OH)^ CHj , which is made from acetone. 

\CHa 

Both of the possible dicarboxylic acids of the C4 group are 
known: 
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COOH 

CH /COOH 

I ^' and CHeCOOH 
CH, \cH3 

COOH 
The former is succi7iic acid, the laiter isosuccinic acid, 

Snccinic Acid, COOH'CHg'CHrCOOH, or C^H.O^. This 
acid exists in amber^ in many plants^ and in the animal or- 
ganism. 

It is formed in small amounts in the alcoholic fermentation of sogar, 
and also by the reduction of malic acid (p. 134) and tartaric acids by iodo- 
hydric acids : 

C4He05 + 2 HI = C^HeO* + H«0 + 1, 
Malic acid 

C4He06 + 4 HI = C4He04 + 2 HaO + 2 la. 
Tartaric acid 

It can also be produced from ethylene cyanide, C9H4(CN)a : 

CHa'CN CHrCOOH 

dH,-CN + *^'^ = 6HrC00H + ^^°' 

It is generally made by the distillation of amber. 

Succinic acid crystallizes in monoclinic prisms, which fuse 
at 180° and boil at 235°, with partial formation of the anhy- 
dride. It is soluble in water and hot alcohol. Its vapors 
are irritating, causing coughing. It is a dibasic acid, forming 
two series of salts. The succinates of the alkaline metals are 
easily soluble in water, while those of the other metals are 
difficultly soluble, or altogether insoluble. 

CHa-COCl 
With phosphorus pentachloride it gives swccewy/ chloride, 1„ _^ ^ , 

CHa COCl 

an oily liquid boiling at 190°, which fumes in the air and is decomposed 

by water, and with ammonia yields succinamide. 

CHa-CO(NHa) 
Succinamide, i .^^.^^n x' crystallizes in white needles, which are 



134 C^ GBOUP. — BUTAKE COMPOUNDS. 

easily soluble in water. On heating, ammonia splits out, forming sueeini- 

CHrCO\ 
ndde, i _ yNH, which crystallizes in colorless needles, containing 

one molecule of HaO. It fuses at 125**, and boils at 287°. 

Bromine reacts with succinic acid, replacing hydrogen. Monobromsucci- 
nkacidy CaH»Br(CO.jH)i, crystallizes in warty concretions. Dibromaucci- 
nic acid, C'iHa6r3(C02H)s, is also a crystalline body. 

By repeated distillations, succinic acid is converted into 

CH "C0\ 
Succinic Anhydride, i *_ \0, which forms colorless crys- 

GH^ CO/ 

tals fusing at 120° and boiling at 250°. On boiling with 

water it passes back into the acid : 

CH -C0\^ „ ^ CH^COOH 
I * >0 + HoO = I * 

CHjj-CO/ ^ ' CHjj-COOH 

Succinic acid is converted into normal butyric acid by 
reduction : 

CHg-COOH ^„ CHjj'CHg ^^^ 

I * +3H2= I ^ ^ +2 HoO. 

CHg"COOH^ ' CHg-COOH^ ' 

<r'ooH 
COOH' ^^ C4H«04. 

This acid is produced from cyanpropionic acid : 

CH,-CH<^g^Q2 + 2 HaO = CH3-CH<^gg^g + NH8. 

It forms crystals which fuse at ISO**, and are more easily soluble in 
water than ordinaiy succinic acid. At 150" it falls into propionic and 
carbonic acids. 

The hydrogen in both the CHg -groups of succinic acid can 
be replaced by hydroxyls, thus yielding a series of dicarboxylic 
acids containing more oxygen than succinic acid. 



CH(OH)-COOH 

2 



Malic Acid, »„ ^J.^^^ • This acid occurs m many 
' CHo'COOH 
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sour fruits, as apples, gooseberries, mountain-ash berries, etc. 
It can be made from succinic acid by boiling bromsuccinic 
acid with silver oxide, and from tartaric acid by heating with 
iodohydric acid. It is usually obtained from the berries of the 
mountain ash. 

It is a difficultly crystallizable, solid mass, which is deli- 
quescent, easily soluble in water and alcohol, fuses at 100°, and 
decomposes at a higher temperature. It is dibasic, and forms 
two series of salts. It stands in the same relation to succinic 
acid as glycoUic acid does to acetic acid. Iodohydric acid con- 
verts it into succinic acid. When digested with potassium 
chromate, carbonic acid is eliminated, and it passes into ma- 
lonic acid : 

OH(OH)-COOH . ^ COOH ^^ „ ^ 

I '^ ^ + Oo = I + COo + H«0. 

It suffers a peculiar fermentation in contact with yeast, 
yielding succinic, acetic, and butyric acids. 

The malic acid occurring in nature polarizes to the left, while that 
made from succinic acid is optically inactive. These physical differences 
appear even more sharply defined in the case of tartaric acid. 

One of the amido-derivatives of malic acid is worthy of atten- 

CH "COCNHJ 
tion, viz., Asparagine, i„,^^„,._^^„, or CiHaJfoO,. 
' ^ ^ ' CH(NH) COOH * 8 8 s 

It occurs in asparagus, liquorice, and in the germs of many 
plants. It crystallizes in transparent prisms containing one 
molecule of water. lib is soluble in water, and combines with 
both acids and bases. In contact with putrid cheese, it is 
reduced to succinic acid. Nitrous acid converts it into malic 
acid : 

CH,-co(NHg) ^ ^ ^ cnrcooH 

CH(IfHg)"COOH "^ '^ " CH(OH)-COOH 

+ HgO + 2N8. 
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By boiling with acids or alkalis, the amido-group is replaced by the 
hydroxyl-group, forming aspartic, or amidoauceinic acid : 

CHrCO(NH.,) CHrCO(OH) 

CH(NH,)-COOH ^ CH(NHa)-COOH ^ 

Both asparagine and aspartic acid are optically active. 
From the isobromsuccinic acid, iaomcUie acid, CH,"C(OH)/^q»^, 
has been obtained by the action of silver oxide. 



Tartaric Add, J^^)^^J^^^^^^^y or C^HgO^. 



CH(OH)-COOH 

CH(OH)"COOH^ 
Tartaric acid occurs in many fruits, particularly in grapes. 
It is formed by the oxidation of milk-sugar, and by boiling 
dibromsuccinic acid with silver oxide. 

Young wine on standing deposits a thick crust on the sides of the 
casks, which consists of the acid tartrates of potassium and calcium. 
Both of the salts were originally in solution in the must; but, as the wine 
becomes richer in alcohol, the salts which are insoluble in alcohol are 
precipitated. This deposit is called crude argol, and is the material from 
which tartaric acid is made. 

Tartaric acid crystallizes in monoclinic prisms, easily soluble 
in alcohol and water. It forms two series of salts. It tastes 
strongly acid. When heated in the air, it gives an odor of 
burnt sugar. 

It fuses at 135°, forming, on cooling, a gummy mass, meiatartarie 
cbGid. The salts of this acid are converted into salts of ordinary tartaric 
acid by boiling with water. On heating tartaric acid to 150°, water is 
eliminated, and ditartaric add, GbHioOn, an amorphous deliquescent mass 
is formed. On further heating to 180° more water is eliminated, and 
tartrelic add, or tartaric anhydride, ChHhOio, is produced. On being sub- 
mitted to dry distillation, it yields a large number of products, of which 
we shall only mention pyroracemic add, C3H4O3, and pyrotartaric add, 
CftH804. With nitric acid it forms a nitric ester, called nitrotartaric add, 

CH(ONO,rCOOH ^. ^^ .. *.. , 

I , which decomposes on evaporation of its aqueous solu- 

CH(0N02)'C00H ^ ^ 

tion into carbonic acid, nitrous anhydride, and tartronic acid, CSH4O5 
(p. 121). 
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Tartaric acid on being heated with iodohydric acid is reduced to succinic 
acid : 

C4HflO« + 2 HI = C4Hfl05 + H2O + la 
C^HeOe + 4 HI = C4Hfl04 + 3 HaO + 2 la. 

The most important tartrates are : 

Hydrogen Potassium Tartrate,, Argol, Cream of Tartar, 
G^'Ei^lLO^. It is difficultly soluble in cold water. Its forma- 
tion is a characteristic test for tartaric acid. 

• 

Hydrogen Ammonium Tartrate, GJ1^{^^^)0^, is also diffi- 
cultly soluble in cold water. The neutral salt is easily soluble. 

Potassium Tartrate, C^H^KgOg, forms crystals easily sol- 
uble in water. It is changed into the acid salt by boiling with 
water. 

Potassium Sodium Tartrate, Roclielle Salts, C^H^KNaO^. 
This salt is formed by saturating bitartrate of potash with sodium 
carbonate. It forms large transparent rhomic columns, which 
are easily soluble in water. 

Calcium Tartrate, C4H4CaO^ + 2 HgO, is almost insoluble 
in cold water. It is soluble in cold potassium hydroxide solu- 
tion, and is precipitated by boiling. This behavior of the 
calcium salt is characteristic of tartaric acid, and is used to 
detect its presence. 

Potassium Antimony Basic Tartrate, Potassium Antimonyl 
Tartrate, Tartar Emetic, GJL^{^hO)^0^-\-^B.^O. It is 
obtained by boiling potassium bitartrate with antimony oxide. 
Colorless rhombohedrons and octahedrons, which are quite 
soluble in cold water, and cause nausea. It loses a molecule of 
water at 200°, yielding the compound O^HgKSbOg. 

In this salt, C4H4K(SbO)06, one of the hydrogen atoms of the carboxyl 
is replaced by K, the other by the group SbO, cmtimonyl. 

There are four physically different modifications of tartaric 
acid, the chemical properties of which, however, are identical. 

1) Inactive Tartaric Acid, which has no effect on the ray of 
polarized light. 
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The tartaric acid obtained from dibromsnccinic acid belongs under this 
head. It is also formed by the oxidation of sorbine, and together with 
racemic acid by heating ordinary tartaric acid to 165**. On heating with 
water to 176**, it is partly converted into racemic acid. It is easily soluble 
in water. Its acid potassium salt is also easily soluble. 

2) Racemic Acid, which does not act on the polarized ray, 
l)ut can be converted into optically active acids. If ammo- 
nium sodium racemate is allowed to crystallize, two sets of 
crystals are formed which are exactly the same, except that 
one is the reflected image of the other, the hemihedral faces 
being developed on opposite sides of the crystals. By separat- 
ing these crystals and converting them into the free acid, we 
find that one kind gives the 

3) Dextrotartaric Acid, which turns the polarized ray to the 
right, and the other the 

4) Levotartaric Add, which turns the ray of polarized light 
the same number of degrees to the left. 

The ordinary tartaric acid is the dextrotartaric acid. Some- 
times racemic acid in the form of its potassium and calcium 
salts is also found in argol. 

Bctcemic acid is formed by the oxidation of mannite, dulcite, and 
muclc acid. Also by the action of cyanhydric acid and chlorhydric acid 
on glyoxal. An addition-product of glyoxal with cyanhydric acid is 
formed, which is decomposed by the chlorhydric acid : 

CHO-CHO + 2 HCN = CN-CH(OH)-CH(OH)-CN, 
CN-CH(OH)-CH(OH)-CN + 4 H,0 = COaH-CHOH-CHOH-COaH 

+ 2NH3. 

It is also formed, together with inactive tartaric acid, by heating dextro- 
tartaric acid with water at 175°. It crystallizes in long, rhombic, efflores- 
cent crystals. Its salts differ but little from those of dextrotartaric acid. 

A trihydric alcohol, or butylic glycerol, is not known. A tetrahydrio 
alcohol, which is the richest alcohol in oxygen in this series, is, however, 
known. 

T. .. , ^ , . CH(OH)-CHo(OH) ^ TT r. 
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occurs in nature. It is obtained from ery thrin, a constituent of 
certain lichens. It forms lai'ge, transparent crystals, "with a 
sweet taste. It fuses at 120°, and is easily soluble in water. 
With nitric acid it gives a nitric ester, C4H<,(0N0 2)4, analo- 
gous to nitroglycerol, and which is violently explosive. 

• 
lodohydric acid converts it into secondary butyl iodide (as glycerol into 

isopropyl iodide). It can be osidized to erythric acid. 1 , 

. ^"^ CH(0H)-CH2(0H) 

which stands to it in the same relation as glyceric acid to glycerol. 

Although tartaric acid has not been produced from erythrol, it may 
be regarded as the dicarboxylic acid of it, and thus stands in the same rela- 
tion to it as oxalic acid to glycol. 

There are several oxygen derivatives of the C4-group which are un- 
saturated compounds, and which stand in the same relation to the corre- 
sponding butyl compounds as do the allyl compounds to the propyl 
derivatives. 

CrotonaZdeh/yde, C4H6O, is produced by the condensation of ethyl al- 
dehyde. Its constitution is CH8"CH=CH"CH0. 

CH,-CHO + CHs-CHO = CHs-CH=CH-CHO + HaO. 

It is a liquid with a piercing odor, boiling at 105**. By oxidation it is 
converted into croionic acid, CHs"CH=CH"COOH, which fuses at 73** 
and boils at 184**. This acid can also be obtained from allyl cyanide and 
potassium hydroxide. 

Besides the solid crotonic acid, there is the isocrotonic acid, 

CH,=CH-CHrCOOH, 

a liquid iirhich boils at 172**, and which during distillation is partly de- 
composed into solid crotonic acid and methacrylic acid, 

CH2=C . (CH3) . COOH, 

which boils at 160^ and solidifies at 16°. 

If malic acid is heated to 150**, water is eliminated and it is converted 
into 

CH-COOH ^ „ ^ 
Fumaric acid, Utt.^^^xt > or C4H4O4. 
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CH(OH)-COOH CH "COOH , „ ^ 
I = 11 4-II2O. 

CHrCOOH CH-COOH 

Fumario acid occurs in many plants, as Iceland moss, fumdria offici- 
nalis, etc. It crystallizes in small needles, which are difficultly soluble in 
cold water, easily in alcohol. It volatilizes at 200**, and is converted into 
the isomerio maleic acid. 

(PIT ""POOHX 
I '^ ) . It fuses at 130", and is easily soluble in 

C-COOH / 

water. It is converted back into fumaric acid when heated for some 

time at 130°. Both of these acids give succinic acid by reduction. They 

are both characterized by the small amount of hydrogen they contain. 

The constitution of this acid was formerly supposed to be 

<COOII 
COOH' ^^^ ^^® ^^^^ formula better represents 

certain of its reactions. The existence of a di-valent or 
unsaturated carbon atom in the molecule, has, however, not 
yet been established with certainty. 

Of the remaining compounds of this group we shall only 
mention : 

Butylamine, CHg'CHg^CHg'OHgCNHg), or 04H9(i^H2), 
which boils at 75°, and 

QTT^/^-CT y or 04H^(NH2), 

which boils at 70°. 

Both are liquids with ammoniacal odors and basic proper- 
ties. They form crystalline salts. 
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Pentane Compounds. 

The saturated hydrocarbon CgHjg, which forms the base 
of the Pentane or Amyl series, exists in three isomeric modi- 
fications : 

CM3 vJ^xlg C'xlg CHg ^^3> 

m 

CH3 

and CHg-O'CHa. 

CH3 

The number of isomeric substitutions in this series is hence 
much greater than in the preceding ones. Only a few of 
them are known, and the constitution of many of these has 
not been determined with certainty. 

There are eight possible alcohols, of which seven are known ; 
three of them are primary, three secondary, and one tertiary, 

1) Normal amyl alcoTbol, butyl-carbtnol, 

CBa"CHrCH3"CHrCH2(OH), or CgHiaO, 

is made from normal valerianic acid. It is a colorless liquid with a 
suffocating odor. It boils at 137°. This alcohol yields a chloridej CsHi iCl, 
which boils at 107°, a bromide (b. p. 129°), and an iodide (b. p. 155°). 

On oxidation, it is converted into normal valeraldehyde and normal 
valerianic acid. 

141 
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2) Ordinary Amyl Alcohol, Isobutyl-CarMnol, 

g|3\>CH-CH,-CH,(0H), or CgH^.O/ 

This alcohol is the chief constituent of fusel oil. It is formed 
during the alcoholic fermentation of sugar^ and is separated 
from the crude spirit by distillation. It is a colorless liquid 
boiling at 131.4°. Its odor is disagreeable and causes cough- 
ing. The chloride produced from it, CgHjiCl, boils at 99°, 
the iodide at 147°. 

Nearly all derivatives have been produced from this alcohol which 
have been obtained from ethyl alcohol. We shall omit the description of 
them, since their chief properties will appear on comparison with the cor- 
responding compounds of the ethane series. 

By oxidation it is converted into valeraldehyde and valeri- 
anic acid, the properties of which are of course different from 
those of the normal aldehyde and acid. 

3) Secondary hutyl-carbinol. Fusel oil contains a second amyl alcohol 
which differs from the preceding chiefly in its polarizing to the left. It 

has the constitution, CH,-CHrCH/^2^Q2, and boils at 127". 

4) Isoprqpylmethyl'CarUnol, CH3"CH(0H)"Ch/^2', orCsHiaO, is a 

secondary alcohol. 

It is formed by the reduction of isopropylmethyl-ketone, and is a liquid 
difficultly soluble in water, boiling at 113°. 

5) iPropylmethyl'Carbinol, CH8"CHa~CHrCH{OH)"CH3, or CaHiaO, 
boils at 119°. 

6) Diethyl-carMnol, CaH5"CH(OH)"C2H5, or C5H12O, boils at 117°. 

7) Ethyldimeihyl-carbinol, amylene hydrate, CH3"CHa~C(0H)~CHs, 

CH, 
or C5H1 aO, boils at 103°. This alcohol yields only acetic acid on oxidation. 

The following aldehydes are known : 
1) Normal Valeraldehyde, CH3(CH2)3"CHO, or CgflioO, 
boiling at 102°, and 
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2) Ordinary Valeraldehyde, (CH3)2CH"OH2"CHO, or 
CfiHjoO, boiling at 92^ 

Both of these aldehydes are liquids possessing the charac- 
teristic suffocating odor of ordinary aldehyde. 

Three of the four possible acids are known. 

1) Normal Valerianic Acid, OR fCTl^'GlI^'CB.^'COOIly 
orC^HioOg. 

This acid' is produced by boiling butyl cyanide with al- 
coholic potassium hydroxide. It is somewhat soluble in 
water, boils at 185°, and has an odor resembling butyric acid. 
The properties of both the acid and its salts differ from those 
of the following acids and salts. 

2) Ordinary Yalerianic Acid) 

ggsXcH-CHg-COOH, or O5H, oO^. 

This acid occurs in the root of the valerian, and, together 
with butyric acid, in putrid cheese. It is made either from 
the valerian root, or by oxidation of /jrdinary amyl alcohol. 
It is a liquid boiling at 175°, and is lighter than water. Its 
odor resembles that of putrid cheese. The hydrated acid con- 
tains one molecule of water and boils at about 165°. It forms 
crystalline salts. 

The more important salts of valerianic acid are the following : 
Bismuth valericmate^ Bi(0H)aC5H»02 (a ba^c salt constituted Analo- 
gously to the basic bismuth nitrate). It is a white powder insoluble in 
water, and has the odor of valerianic acid. 

Zinc valerianate, Zn(C5H902)9, is made by dissolving zinc carbonate 
in valerianic acid. It forms white crystals difficultly soluble in cold 
water. They have a sweet taste and an odor of valerianic acid. 

3) Methyl-ethyl-acetic acid. The secondary butylcarbinol gives an acid 
on oxidation which differs from the above valerianic acid in polarizing 

strongly to the right. Its constitution is probably q A ^CH"COOH, 

methylethylacetic acid. t 
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CH,\ 
4) Tri^methyl-acetic acid, CH,-^~COOH, or CftHioO,, is obtained by 

digestion of tertiary butyl iodide with potassium cyanide, and decomposi- 
tion of the cyanide, which is formed, by potassium hydroxide : 

CH,-CI-CH3 + KCN = CHs-C(CN)-CH3 + KI 
CHs CH, 

CH,-C(CN)-CHa + KHO + HaO = CH3-C{COOK)-CH3 + NH,. 
Ah, CH3 

It is a solid mass fusing at 34° and boiling at 161°. 

There are a number of glycols and glycollic acids known in this series. 
Three dicarboxylic acids of the formula, C6H»04, are known : 

1) OlutaHc acid, COaH"CHrCHrCHrCOaH, is formed by the 
decomposition of the normal propylene cyanide : 

CN-CHrcHrcHrcN. 

It forms large, easily soluble crystals which fuse at 97°. 

2) Pyrotartaric acid, CHa'CH/^^^i^Q g, is produced by the de- 
composition of the ordinary propylene cyanide, CH8"CH(CN)"CH2(CN), 
and also by the dry distillation of tartaric acid. It forms small trans- 
parent crystals fusing at 112°. 

3) Mhylmalonic add, CHs-CHrCH/^^g', is obtained by the dis- 
tillation of cyanbutyric acid. It fuses at 112°, and at 160° breaks into 
carbonic and butyric acids. 

Among the unsaturated compounds of this series are : 

Angelic acidy CsHsOa, which occurs in the angelica-root. It crystal- 
lizes in limpid columns which fuse at 45° and boil at 190°. It is but 
slightly soluble in cold water. 

Methylcrotonic, or tiglic acidf CiH«.02, occurs in croton-oil and in 
Homan camomile-oil. It crystallizes in prisms or tablets, fusing at 64° 
and boiling at 198°. 

AUylacetic add, CfiH^O,, is a liquid boiling at 182°. 
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Hexane Compounds. 

The compounds of the Cg group are still less completely 
known, and their constitutions are but little understood. 

Tins series contains a class of compounds of the highest importance in 
the processes of life. They are called the carbhydrates, since nearly ail 
of them contain hydrogen and oxygen in the proportions necessary to 
form water. 

The normal hexyl alcohol exists as a butyric ester in the seeds of the 
Heracleum giganteum. It boils at 158°. A secondary hexyl alcohol is 
obtained by the action of silver oxide on the iodide produced by treating 
mannite with iodohydric acid. It boils at 137°. A series of tertiary 
hexyl alcohols, viz., dimethylpropyl-carbinol (b. p. 115°), dimethyliso- 
propyl-carbinol (b. p. 113°), diethylmethyl-carbinol (b. p. 120°), have been 
produced by the action of zinc methyl on butyryl chloride, isobutyryl 
chloride, and zinc ethyl on ethyl chloride. (Compare the production of 
trimethylcarbinol, p. 129.) 

The most important monobasic acid of the series is : 
Capronic Acid, CgH^gOg, which occurs in butter and other 
fats. It boils at 205° and is difficultly soluble in water. 

Leudc Acid, CgH^gOg, a glycollic acid, is also worthy of 
notice. Its amido-acid, which stands in the same relation to 
it as glycocoU to ethylglycoUic acid, is called Leucin : 

C.H.gNOg = C5Hio(NH2)COOH. 

Leucin occurs in the pancreas, saliya, etc., and is a decom- 
position-product of albuminous bodies. It forms white leaflets, 
fusing at 170°, soluble in water. On fusion with potassium 
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hydroxide, it evolyes hydrogen and ammonia, forming potas- 
sium carbonate and valerianate : 



CeH, jNOg + 3 KHO = KgCOj + CgH.KO^ + NH, + 2 H 



s< 



One of the most important acids of this series is 
Citric Acid, OjHgO,. It is a tricarboxylic acid, and hence 
tribasic. It occurs in lemons and other acid fruits. It is 
obtained from the juice of lemons. It forms large, limpid 
crystals, containing one molecule of water, soluble in four parts 
of water and in alcohol. In moist air it is deliquescent. Its 
aqueous solution on standing decomposes with the formation 
of mould. 

It is produced synthetically from dichloi'acetone, CHaCPCO'GHaCl, 
which on treatment with cyanhydric and chlorhydric acids is converted 
into dicMoracetonie add, CH2C1~C(0H)"CH2C1 (vide p. 132), which is 

COOH 
transformed into dicyanacetonie acid by means of potassium cyanide, 

CN-CHrC(OH)~CHa -CN. 
COOH 

By decomposing this acid with chlorhydric acid, citric acid, 

C02H"CHrC(0H)-CHrC0aH, 
COiH 

is obtained. 

On heating above 150°, it gives up water; leaving aeonitic acid (f. p. 
140"), which on further heating evolves carbonic acid, yielding two iso- 
meric acids, viz., citracanic acid, C5H«04, deliquescent rhombic octahe- 
drons fusing at SO"", and itaconic acid, C5H0O4, large rhombic prisms 
fusing at 160**. These two dicarboxylic acids, which belong to the Cs 
series, can be converted one into the other. Citric acid yields, on treat- 
ment with dilute nitric acid, mesacanie acid, C»He04, which forms thin 
prisms fusing at 200". By treating itaconic acid with chlorhydric acid 
and decomposing the addition-product with water, a fourth isomeric acid, 
fusing at 70°, paraconic acid, C6H6O4, can be obtained. 

Citric acid being a tribasic acid yields three series of salts. 
The salts of the alkalis are easily soluble in water. Those of 
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the other metals, particularly neutral salts, are diflficultly 
soluble. The following are the more important : 

Calcium citratey CasCCaH 507)2, is a white crystalline powder diflSjCultly 
soluble in cold water. It is entirely insoluble in hot water, and hence is 
precipitated from its cold saturated solution on boiling. This is a char- 
acteristic test for citric acid. 

Magnesium citrate, MgsCCeHftOi)^, is obtained by neutralizing citric 
acid with magnesium carbonate. It is a crystalline mass, slowly but 
largely soluble in water. 

Ferric citrcUe, Pe2(C6H607)j, is produced by dissolving ferric hydroxide 
in citric acid. It forms a brownish-red mass easily soluble in water. It 
unites with ammonium citrate to a double salt, which is also a reddish- 
brown amorphous mass easily soluble in water. 

The following hexahydric hexyl alcohol is of importance. 

IHaniiite, CgHj^Og, is largely diffused throughout the vege- 
table kingdom. It exists in large amounts in manna, the dried 
sap of the manna-ash (Fraxinus ornus). It stands in inti- 
mate relation to the sugars, and can be obtained from them 
by reduction : 

It crystallizes in prisms or needles which fuse at 166°, lose 
water at 200°, and on stronger heating decompose entirely. 
In contact with cheese and chalk, it decomposes by standing at 
40° into alcohol, hydrogen, and lactic, butyric, and carbonic 
acids. 

It unites with acids to esters. On digestion with iodohy- 
dric acid it gives secondary hexyl iodide : 

OeH,,Oe+llHI = CeH,3l + 6H,0 + 5l,. 

It yields a nitric ester with nitric acid, Nitromannite^ 
CftH8(0N0g)g, which crystallizes in needles, fuses at 108°, 
and explodes at 120°. On oxidation it passes into mannitic 
acidy CgH^gO,, and saccharic acid, CgHioOg. 
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DiUcitey CaHMOa, is also a hexahydric alcohol, and is isomeric with 
mannite. It forms large crystals. Its reactions are similar to those of 
mannite. It fuses at 188^ and is decomposed at a higher temperature. 
With nitric acid it yields nitrodulciie, C8H8(N02)8. Oxidation converts 
it into mime acidf GsHioOrt. 

Saccharic and Mucic Acids, CgHj^jOg, are fonned by the 
oxidation of many sugars and gums. Saccharic acid does not 
crystallize and is deliquescent. Mucic acid is crystalline and 
almost insoluble in water. They are both diabasic acids. 

Following mannite are two sugar-like substances containing 
one molecule of water less, viz., Quercite and Finite, CgH^ ^^s- 
Both are crystalline and decompose on heating. Quercite 
occurs in acorns, pinite in the resins of the Finus lamhertiana 
(California). 

The carbhydrates will be considered later on as a class by themselves. 



The higher carbon groups contain but a few members ; we 
shall take them up without classification by groups. Their 
constitution ig mostly unknown. 

Normal Heptyl Alcohol, (Enanthylic Alcohol, C^H^gO, is 
made from oenanthaldehyde. It boils at 177°. 

(Enunthaldehyde, (Enanthole, 0,Hi40, is produced by the 
dry distillation of castor-oil. It boils at 154°. 

(Enanthylic Acid, C^H^^Og, is formed by the oxidation of 
castor-oil. It is almost insoluble in water and boils at 223°. 

Secondary Octyl Alcohol, Capryl Alcohol, CgHigO, is made 
from castor-oil. Is an oil boiling at 181°. 

Caprylic Acid, CgH^gOg, occurs with capronic acid. It 
crystallizes under 15°, boils at 234°, and is almost insoluble in 
water. 

Felargonic Acid, C^H^gOg, occurs in geranium-oil. It 
fuses at 12°, is almost insoluble in water, and boils at 254°. 

Capric Acid, CioHg^Og, occurs with capronic and caprylic 
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acids. It is a crystalline mass, having the odor of perspiration. 
It fuses at 30° and boils at 270°. 

There are several other acids of high carbon content which 
occur in fats and oils. The fats and oils are, almost without 
exception, mixtures of neutral glycerol esters of certain mono- 
basic acids of high carbon content. The acids are obtained 
from these esters, or GlycerideSy by saponification, Le,y by de- 
composing them with an alkali. The alkali unites with the 
acid, while the glycerol is set free. They can also be decom- 
posed by superheated steam. The following acids have been 
isolated : 

Laurie Acid^ C^ jH^^O^, obtained from the fat of various 
bay-trees. It fuses at 44°. 

Myristic Acidy O14H28O2, obtained from nutmeg-butter. 
It crystallizes in needles fusing at 54°. 

Palmitic Acid, OigHggOg, Stearic Acid, OigHa^O^, and Oleic 
Acid, C18H34O2, in the form of glycerides, constitute the 
majority of fats. Palmitic acid fuses at 62°, stearic acid at 
69°, while oleic acid is a liquid at ordinary temperatures. It 
solidifies at 4° and fuses at 14°. Nitrous anhydride solidifies 
it, converting it into an isomeric modification which fuses at 
44°, and is known as ela'idic acid. 

After the three acids have been freed from the glycerol, they are sepa- 
rated in the following manner: The oleic acid is obtained by strong press- 
ure. The palmitic acid is separated from the stearic acid by repeated 
crystallizations, or fractional precipitation. The fractional precipitation 
is effected by converting the acids into their potassium salts and precipi- 
tating with an insufficient amount of chlorhydric acid. The fat acids, 
>vhich are partially precipitated, are again converted into their potassium 
salts, and again partially precipitated. This operation is repeated until 
the precipitated acids show a constant fusing point By this method of 
partial precipitation stearic acid is obtained first. 

Stearine candles are a mixture of palmitic and stearic acids. 
In the cavities of the skulls of certain whales a fat occurs 
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called Spermaeeti. This substance is not a glyceride, but the 
palmitic ester of a monohydric alcohol, Cetyl AhoholyC^ ^jHg ^0, 
which fuses at 55°. Among the waxes there are also esters 
of monohydric alcohols. Chinese wax^ for instance, con- 
sists chiefly of the ester of Ceryl Alcohol^ Cg^HgeO, with 
Cerotic Acidy Cg^H^^Og, and is hence ceiyl cerotic ester, 
Cg^Hg 5(02,115302). Beeswax consists chiefly of the pal- 
mitic ester of Myricyl Alcoholy G^^R^^O. 

Linoleic acid, CiaH^feOa, which occurs as aglyceride in many drying 
oils, as linseed, poppy, hemp, nut, etc., is similar to oleic acid, but is not 
altered by nitrous anhydride. Micinolelc acid, which occurs as a glycer- 
ide in castor-oil, is an oil solidifying at 0°. It is converted by nitrous 
anhydride into ricindaldic acid, fusing at 50"*, and by dry distillation is 
decomposed into cenanthol and oenanthylic acid. 



Fats. 

The fats occurring in nature are, as we have already seen, mostly 
mixtures of the glycerides of palmitic acid, CieHsaO, stearic acid, 
Ci8H3a02,* and oleic acid, Ci6H340a. They are largely distributed in the 
animal and vegetable kingdoms. In animals they are generally found 
under the skin, around the intestines, and on the muscles. In plants 
they exist in the seeds. In the pure state they are colorless, and without 
odor or taste. Usually, however, they possess both odor and taste, owing 
to a slight decomposition which has taken place, and are also colored yel- 
low from the presence of a small amount of impurity. 

At ordinary temperatures the fats are either liquid or solid, a condition 
which is caused by the different relations existing between the amounts 
of glycerol oleic ester (ol^M) and the glycerol esters, of palmitic and stearic 
acids {pcdmitin and stearin) in them. The solid fats, according to their 
consistence, are known as tallow, butter, lard, etc., while the liquid fats 
are called oils. All solid fats fuse under 100". 

The fats are insoluble in water, difficultly soluble in cold alcohol, and 
easily soluble in ether. They form a spot on paper and wood which does 
not vanish, and which is called a " grease spot." They can be distilled 
without change at about 300°, but are completely decomposed at a higher 
temperature, bi*eaking into numerous hydrocarbons and various acids. 
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among which is carbonic acid, and producing many other substances, a 
number of which possess extremely disagreeable odors, e.g., acrol. The 
fats are all specifically lighter than water, and hence float on its surface. 

The fats are decomposed by the alkalis and alkaline earths into 
glycerol and the fat acids, the latter uniting with the alkalis, or alkaline 
earths to form salts. The fatty acid salts of the alkalis (potassium and 
sodium), are called soaps. The fats are also decomposed by oxides of 
zinc and lead, the metallic salts thus obtained being known as plasters. 

The fats generally suffer a change when exposed to the air. Some of 
them, even when chemically pure, turn gradually into a transparent solid 
mass. They are then said to "dry" {drying oils). In doing this they 
take up oxygen and pass into a higher state of oxidation. The drying oils 
always contain, besides the ordinary glycerides, the glycerol esters of 
imsaturated acids of higher carbon content, which usually contain less 
hydrogen in relation to the carbon than oleic acid. These unsaturated 
glycerides take up oxygen from the air and become solid. 

Some of the fats, on the other hand, keep without change when pure. 
As they generally contain foreign impurities, however, particularly albu- 
minous matters, etc., they suffer, after a time, a kind of fermentation by 
which the fat acids are set free, and thus impart their odor and taste to 
the fats, causing them to become ** rancid." The drying oils are prevented 
from drying by these impurities. Concentrated sulphuric acid does not 
act on the fats, but quickly destroys the albuminous matters. To free 
the fats from their accompanying impurities, they are therefore shaken 
with 3-4^ of concentrated sulphuric acid. The albuminous matters are 
carbonized, and, sinking to the bottom, can easily be removed. This opera- 
tion is termed *' refining." Burning oils made from fats must be puri- 
fied in this manner, else the impurities will carbonize in the wick and stop 
it up. 

The principal animal fats are human fat, beef tallow, mutton tallow, 
and lard. They all consist of mixtures of palmitin, stearin, and oleln: 

C3H6(Ci«H3,02)3 = CaiHoftOfl, Palmitin, 
C3H6(C,„H3602)3 = CfiiH.ioOe, Stearin, 

C3H5(CihH3303)3 = C5tH,04O«, Olcin. 

The molecular weights of the constituents of fat are remarkably high. 

Butter is another important fat. It consists of the glycerides of butyric 
acid, C4H8O2, caproic acid, CaHiaOa, caprylic acid, CsHioOa, and capric 
acid, CioHioOa. 

In the vegetable fats, olein is predominant, and they are hence usually 
liquid at ordinary temperatures. The principal ones are: 
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OUve-oU, which occurs in the fleshy parts of the olive, and is obtained 
by pressing. . It solidifies at a few degrees under 0°. 

Coeoanut-oil, obtained from the kernels of the cocoanut. It fuses at 
20° and is solid at ordinary temperatures. 

PcUm-^ly obtained from the Cocus hulyrdcea. Puses at 27**. 

Almond-oil f obtained by pressing almonds. Solidifies at —27**. 

None of these oils dry. Among the drying oils are : 

Croton-oil, obtained from the seeds of the Croton iiglium by pressing. 

Caator-oil, obtained by pressing the seeds of the Ricvnus communis* It 
is a thick, colorless oil with a sharp taste. 

Linseed-oily obtained from linseed. It is a bright- yellow oil with a 
peculiar taste and odor. It dries quickly, and hence finds a wide appli- 
cation in the preparation of paints and varnishes. 

Hemp-^l, obtained from hemp seed. This oil is also used in paints and 
varnishes. 

Poppy -oil, from the seeds of the poppy. It is a thin, bright -yellow oil, 
which is chiefiy used as food, although occasionally employed in varnishes. 
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Carbhydrates. 

The carbhydrates comprise a class of bodies, all of which 
belong to the hexane series, and which, as a rule, contain 
hydrogen and oxygen in the proportions to form water. They 
are enormously distributed in the yegetable kingdom, and 
constitute the most important constituent of plant life. They 
form a group of intimately related bodies, which are either 
fermentable, or can easily be converted into fermentable com- 
pounds. 

The carbhydrates are divided into three groups, the first of 
which has the formula CgH^ gO^. The second group may be 
regarded as the anhydride of the first, as it has the formula 

The third group may likewise be considered as a second 
anhydride of the first, its formula being C^H^jjOg, or a mul- 
tiple tbereof. 

In the first group, CgH^gOg, are grape-sugar, fruit-sugar, 
and lactose. The second group, CigHggOu, comprises cane- 
sugar, milk-sugar, melitose, melizitose, and trehalose. The 
members of the third group, CgHi^Og, are dextrine, gum, 
glycogen, starch, cellulose, tunicine, and mucilage. 

But little is known with certainty concerning the constitu- 
tion of these bodies. It is evident that the number of isomers 
in the group is very great. There are five hydrocarbons of 
the formula CgH^^, and five hexahydrio alcohols possible. 
Among the latter are mannite and dulcite, which we have 
already noticed. It is not improbable that the compounds of 
the formula C^H^gOj, may be of an aldehyde nature, as for 
instance : 

CH2(OH)-CH(OH)"CH(OH)-0H(OH)"CH(OH)-CHO 

= CgHigOj, 
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and that the compounds of the type, CjgHggOii, may be 
formed by the union of two molecules of CgH^gOe, with 
elimination of a molecule of water, in the same manner that 
diglycol is formed from glycol. 

The carbhydrates which are soluble in water possess the 
property of bending the plane of polarized light, Le.y they are 
optically active, a property which we have already had occa- 
sion to notice in the case of tartaric acid. They are all indiffer- 
ent, i.e.y neither bases nor acids. On heating, they decompose 
into a number of substances of lower constitution, leaving 
carbon. Oxidizing agents convert them into saccharic and 
mucic acids, and finally into oxalic acid. 

Orape-Sugar, Glucose, Dextrose y CgH^gOg, is always found 
together with fruit-sugar in grapes, figs, cherries, and many 
other sweet fruits, and also in honey. It occurs in small 
amounts in various animal secretions, particularly in the urine 
of patients suffering from diabetes. It is formed, together 
with levulose, by boiling cane-sugar with a dilute acid, and also 
by the action of saliva, the secretions of the pancreas and intes- 
tines, diastase (p. 155), on gum, starch, cellulose, and the 
glucosides (p. 163). 

The grape-sugar is obtained at first as a thick syrup, which 
gradually crystallizes in cauliflower-like masses, containing one 
molecule of water. It crystallizes from absolute alcohol, 
methyl alcohol, or a concentrated aqueous solution kept at a 
summer temperature, in anhydrous needles. It turns the plane 
of polarized light to the right. A fresh solution polarizes 
twice as strongly as one that has stood, or has been boiled a 
shoiii time. 

It loses water when heated to 170°, and is converted into 
glucosan, CgH^oOg. On stronger heating, it loses more water 
and passes into caramel, a brown mixture of various substances 
which all contain hydrogen and oxygen in the proportions of 
water. By still stronger heating, it yields methane, cai'bonic 
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acid, carbonous oxide, acetic acid, aldehyde, acetone, etc., and 
leaves a coarsely porous, glittering chai'coal. 

Grape-sugar unites with bases, but is often decomposed 
thereby. It also combines with sodium chloride. With acids 
it forms a species of esters {glucosides) which behave like the 
glycerides. 

Dextrose is oxidized easily in the presence of bases. Cupric 
oxide, when in alkaline solution, is converted into cuprous 
oxide by it even in the cold, a reaction which is taken advan- 
tage of as a means of detecting dextrose, and also for determin- 
ing it quantitatively in many solutions, e.g., urine, etc. 

Cuprie sulphate is dissolved in a solution of sodium hydroxide and 
tartaric acid added. This solution is brought to boiling, and the liquid 
to be tested is added to it. If a bright red precipitate of CugO is formed 
in the deep blue solution, the presence of dextrose is indicated. 

Nitric acid oxidizes dextrose into saccharic, tartaric, and 
oxalic acids. Sodium amalgam reduces it to mannite. 

Dextrose is easily decomposed by ferments. Yeast pro- 
duces the alcoholic fermentation, and cheese the butyric and 
lactic fermentations. 

'Fermentation. A substance which is decaying often sets 
up decompositions in other substances which are not subject 
to change by themselves. . The decaying substance is called a 
ferment, and the substance decomposed by the ferment is said 
to hQ fermentable. The nature of the decomposition of the 
fermenting substance is determined by the nature of the fer- 
ment. Although the ferment sets up the decomposition, its' 
elements do not enter into the products of the fermentation. 
The ferment may be an easily decomposable organic compound, 
or an organized body. Nearly all the albuminous substances 
and the bodies closely related to them have the power of 
creating fermentation. Among them are 

Diastase, a substance which is formed in germinating grains 
from the decomposition of the gluten. 
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Synaptase, or Emulsin, which occurs in the almond and is 
very similar to diastase. 

The soluble portions of the yeast, the saliya, the secretion 
of the pancreas, etc. 

There is also a number of organized ferments, the principal 
one of which is 

Yeast, the alcoholic ferment. Yeast consists of microscopic 
plant cells {Mycoderma eerevisicB). They are attached to each 
other in chains, and grow by budding. To produce the fer- 
mentation, it is necessary that the yeast should be alive, 
for the fermentation ceases as soon as the yeast dies. The 
sugars are decomposed by yeast, the principal products being 
alcohol and carbonic acid : 

Certain side-products are also formed, the principal of 
which are highly constituted alcohols, as propyl, isopropyl, 
isobutyl, and amyl alcohols. Glycerol and succinic acid are 
also produced. 

Among the numerous other organized ferments besides yeast 
are 

The Lactic Ferment, which causes one molecule of sugar to 
break into two molecules of lactic acid : 

and by continued action converts the lactic acid into butyric 
acid with evolution of hydrogen : 

203He03 =C,HeO,+2C03+2H2. 

The mucous ferment, which breaks sugar into lactic acid, 
mannite, and gum. 

Since it appears that each organized ferment produces char- 
acteristic fermentation-products, it is possible that the appear- 
ance of fusel oils in the fermentation of sugar may be due to 
the presence of some other organism than the yeast. 
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Leyulose, Fruit-Sugar^ CgHigOg, 

CH^COH) 
CH2(0H)-CH(0H)-C(0H)-CH-(0H)"CH0. 

It is distinguished from dextrose by its turjiing the plane of 
polarized light to the left, and by its difficulty in crystallizing. 
It exists with dextrose in honey and sweet fruits, and is 
formed together with the former by the inversion of cane- 
sugar. It is a colorless syrup, which crystallizes from alcohol 
in fine, colorless, silky needles. It is soluble in all proportions 
in water and alcohol. It is decomposed by ferments, and 
yields the same products as dextrose. 

Lactose, CgH^gOg, is obtained by boiling milk-sugar with 
dilute acids. It is crystalline, polarizes to the right, is easily 
soluble in water, insoluble in alcohol, and in its reactions 
resembles dextrose. 

Cane-Sngar, Saccharose, CuH^gOu, probably an ether of 
dextrose and levulose, yiz., 

OHg(OH)-CH(OH)-CH(OH)-CH(OH)-CH\ 
0Hg(OH)-CH(OH)"C(OH)-CH-CH-O"CH/ 

dH,(0H)\5^ 

Cane-sugar is found in the juice of the sugar-cane, the sugar- 
beet, sugar-maple, maize, sorghum, and in many other plants. 

It is made from the juice of the sugar-cane or beet by clearing with 
lime, evaporating the solution rapidly, and allowing it to crystallize. A 
crude sugar is thus obtained which is purified by recrystallization 
(refining) 

It crystallizes in limpid, oblique prisms, is easily soluble in 
water, very difficultly in alcohol. It polarizes to the right. 
At 160° it fuses to a glass, and when heated for some time at 
170°, breaks into dextrose and levulosan. 

^i%^2^^\i = CgH/gOe +C6HJ0O5. 
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At 200° it is converted into caramel. Heated higher it 
decomposes .like dextrose into COg, CO, C2H4O, CgH^O^, 
CjHgO, etc., and leaves a coal. 

Cane-sugar gives, like dextrose, compounds with alkaline 
earths and alkalis. Dilute acids convert it into a mixture of 
dextrose and levulose called inverted sugar : 

CjgHggOi, +HgO= CgHi205 + CeHjgOe. 

•Concentrated sulphuric acid decomposes it completely with 
carhonization. Alkaline cupric solution reduces it after long 
boiling, separating cuprous oxide. After having been some 
time in solution, its polarizing power is less. 

It is converted into saccharic acid by gently heating with 
nitric acid : 

CjgH.gO,, +3 0, = 2 CeHioOs + H,0 ; 

but by boiling, into oxalic acid : 

C^gllggOji +9O2 =6C2Hg04 + 5H80. 

It is not directly fermentable, and must be converted into 
inverted sugar before fermentation can take place. 

Milk-Sugar, C^gllggOii. It is found in the milk of mam- 
mals, and together with cane-sugar in the juice of the sapodilla. 
The milk, after being freed from casein and fat, is evapo- 
rated to a syrup, and the milk-sugar crystallizes out in crusts, 
which are purified by recrystallization. 

It forms hard rhombic crystals, which have a sweet taste 
and are easily soluble in water, but insoluble in alcohol. 
They contain a molecule of water, which is driven off at 130°. 
It polarizes to the right. 

It is converted by boiling with dilute acids into galac- 
tose and another sugar of the formula, CgH^gOg, most proba- 
bly dextrose. Nitric acid oxidizes it to mucic acid,CeHio08, 
and on boiling, to oxalic acid, CgH2 04. Milk-sugar reduces 
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alkaline cupric solutions like dextrose, but not until boiled. 
In the milk it goes gradually into the lactic fermentation, 
owing to the presence of the decomposing casein, but it can 
also be brought into the alcoholic fermentation. 

The Tartars make from mares' milk an intoxicating drink called 
koumis. 

Melitose, CiaHaaOu, is the chief constituent of Australian manna. It 
crystallizes in fine needles with three molecules of water, two of which it 
loses at 100', the third at 130". It polarizes to the right, and does not 
reduce alkaline cupric solutions. It is brought into fermentation by- 
yeast, but half of it is transformed thereby into an unfermentable body, 
eucalin, CeHjaOe, which polarizes to the right and reduces alkaline cupric 
solutions. 

Melizitose, CijiHaaOn +2 HaO, is contained in the young shoots of the 
larch. It polarizes to the right, is not acted on by alkalis, and does not 
reduce alkaline cupric solutions. 

Trehralose, or my cose, CiaHaaOn + 2 HaO, occurs in the trehala, a kind 
of Syrian manna which is produced by an insect. It also exists in the 
ergot of rye and in various fungi. It is easily soluble in water, polarizes 
to the right, is not acted on by alkalis, does not reduce alkaline cupric 
solutions, and is converted by acids into a fermentable sugar. 

Starch, Amylum, Amidin, Fecula, C^H^ ^Og. Starch is very 
widely distributed in the vegetable kingdom, and particularly 
in the seed of the leguminosae, and in chestnuts, acorns, grain, 
and potatoes. It consists of microscopic granules of various 
sizes and forms, which have in their interiors a kernel around 
which the mass is arranged in concentric layers. 

Starch is a fine powder without taste or odor. It is com- 
pletely insoluble in cold water. It attracts moisture from moist 
air up to 5G per cent. In water of 72°, the starch granules 
swell up and partly dissolve, forming a paste which polarizes 
to the right. Dilute acids change starch first into a gummy 
soluble substance, dextri7ie, and then into dextrose. 

Starch is also converted into dextrine by heating to 160°. 
Diastase, which occurs in germinating barley, converts starch, 
when diffused through warm water, into dextrine and maltose. 
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Concentrated nitric acid dissolyes starchy forming a com- 
pound which is precipitated by water. It is a nitric ester of 
starch, and is called xyloidin. Iodine unites with starchy 
forming an unstable compound which has a very character- 
istic blue color. By the formation of this color, the slightest 
traces of starch can be detected. 

The most important kinds of starch met with in commerce 
are : 

Maize-starchy potato-starchy arroio-root starchy and wheat- 
starch. 

Maltose, CigHggOii, orCi8H340i,. It is formed by the 
action of diastase on starch at 50-70°, and crystallizes in fine 
liard needles with one molecule of water. It polarizes strongly 
to the right, reduces alkaline cupric solutions, and is con- 
verted into dextrose by boiling with dilute sulphuric acid. It 
can be fermented directly. It may possibly be a compound 

of dextrine with dextrose, 2 G^H^^^^ -^ ^^^^to^s' 

Am*ong the substances which are closely allied to starch are 
hmliriy licheniriy paramyhcMy and glycogen, 

InuUn^ CeHioOi, is found in the roots of many plants, particularly in 
those of Inula helenium and the bulbs of the valerian. It is insoluble in 
cold water, soluble in hot, but without forming a paste. It polarizes to 
the left, and is not colored blue by iodine. Dilute acids convert it into 
levulose. 

Lichenin, CflllioOs, occurs in Iceland-moss. It is a transparent, brittle 
mass, soluble in hot water. It is colored blue by iodine, and is converted 
into dextrose by dilute acids. 

Paramylum, CbHioOo, occurs in infusoria. It is insoluble in water. 
In hot water it swells up, but does not form a paste. It can be converted 
into sugar. 

Olyoogen, G^'R^^O^, is found in the liver shortly after di- 
gestion. On the death of the animal it is converted with 
great rapidity into dextrose by the ferments contained in the 
liver. 

Glycogen is a white powder, dissolving in water to a turbid 
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solution. Dilute acids and ferments change it easily into 
dextrose. Iodine colors it wine-red. 

Dextrine, British Gurriy CgHjoOg. It has already been 
mentioned that starch by heating to 160°, or by continued 
boiling with dilute acids, or by the action of diastase, is con- 
verted into a gummy substance soluble in water, which polar- 
izes very strongly to the right. Dextrine owes its name to 
the latter property. Dextrine is produced commercially by 
moistening starch with water containing 2^ of nitric acid, 
drying in the air, and heating to 110°. 

Dextrine forms a colorless amorphous mass which does not 
reduce alkaline cupric solutions, is not colored blue by iodine, 
and yields oxalic acid on oxidation. Dilute sulphuric acid, 
or diastase, converts it into dextrose. 

Gums. A large number of resinous substances are included 
under the name of gums. With water they swell up, or dis- 
solve, forming thick sticky masses. Alcohol precipitates them 
from their aqueous solutions. They polarize either right or 
left, according to their derivation. Gum-arabic consists of the 
calcium salt of arable acid, CigHggOn. 

Cellulose, Plant-Fiber, CgHjoOg. The walls of plant-cells 
and the skeleton of plants consist of cellulose. It may be 
obtained in the pure state from cotton or linen. It is a white 
translucent mass, insoluble in water. It is soluble in an am- 
moniacal solution of basic cupric carbonate, and is precipitated 
by acids, being redissolved, however, by an excess. It is not 
colored blue by iodine. With concentrated sulphuric acid, 
it swells up and gradually dissolves, being precipitated in 
white flocks by water. The body thus obtained is an altered 
cellulose and is colored blue by iodine. It is called amyloid. 

If unsized paper, which is almost pure cellulose, is allowed 
to remain a few seconds in sulphuric acid diluted with half 
its volume of water, and then well washed with water, it is 

11 
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converted into a substance like parchment which is called 
** parchment paper." The surface of the paper is converted 
into amyloid by this operation. 

Cellulose is converted into oxalic acid by oxidation with 
nitric acid. If, however, cellulose (cotton) is allowed to 
remain in a mixture of concentrated sulphuric (3 parts) and 
nitric acids (1 part), it is converted, without being dissolved, 
into nitrO'Cellulosey pyroxylin y or gun-cotton: 

(5,H,(N03)30,. 

Gun-cotton detonates when brought in contact with a red- 
hot body. It is an extremely explosive body. It is insoluble 
in water, alcohol, and ether. If the above relations between 
the sulphuric and nitric acids are altered, the nitrition does 
not go so far, and a substance is produced which is soluble 
in a mixture of alcohol and ether. It is called collodion, and 
is extensively used in photography. 

These so-called nitro-compounds, as nitroglycerol and nitrocellulose, 
are really nitric esters. The difference between the nitric esters and 
the true nitro-compounds has already been explained under the methyl 
compounds. We shall have occasion to refer to this difference when we 
come to consider the aromatic series. 

Gun-cotton and collodion are converted back into cellulose 
by reducing agents. 

In the mantles of certain mollusks {ascidia), a substance is 
found which resembles cellulose very much, and is perhaps 
identical with it. It is called tunicin. 

Vegetable Mucus, or Mucilage, is found in many plants, 
particularly in tlie roots of the althaea, the linseed, quince- 
seeds, etc. In cold water, it swells up to a slimy jelly, which 
is dissolved by hot water. Alcohol precipitates it. There are 
various kinds of vegetable mucus, which are distinguished by 
their derivation, and differ somewhat in composition, but they 
all give dextrose on boiling with dilute sulphuric acid. 
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The pecHne substances, which occur in beets and in fleshy 
fruits, are very similar to vegetable mucus. 



We shall mention finally several bodies which are ferment- 
able and very closely allied to the carbhydrates. 

Sorbin, CeHiaOe, occurs in the berries of the mountain ash. 

It crystallizes in rhombic octahedrons, tastes as sweet as cane-sugar, 
is easily soluble in water, and less soluble in alcohol. It reduces alkaline 
cupric solutions, and polarizes to the left. Yeast does not bring it in 
fermentation, nor do dilute acids convert it into dextrose. On heating, 
it loses water and decomposes. 

Inosife, CeH^gOe, exists in the flesh of the muscles, the 
muscular substance of the lungs, in the brain, and in unripe 
leguminosae. It forms cauliflower-like, crystalline aggregates, 
containing two molecules of water, which it loses at 100°. It 
cannot be brought into the alcoholic fermentation, nor do 
dilute acids convert it into a fermentable sugar. Decompos- 
ing animal matters, however, produce the lactic fermentation 
in it. It is optically inactive. 

Arahinose, CoHiaOa, is formed, together with a fermentable sugar, by 
boiling gum-arabic with dilute sulphuric acid. It crystallizes in large, 
beautiful prisms, fusing at 160**, and easily soluble in water. It has a very 
sweet taste, reduces alkaline cupric solutions, polarizes to the right, and 
cannot be brought into fermentation. 

There stands in intimate relation to the carbhydrates a 
large class of compounds which are very widely distributed in 
the vegetable kingdom. They are compounds of a sugar, 
usually dextrose, with one or more other substances, and 
belong to the class of ethers. They are called glucosides. By 
boiling with dilute acids, or alkalis, or by ferments, they are 
decomposed into the sugar and the other constituent. 

The substance in combination with the sugar belongs almost always to 
a group of bodies which we have not yet considered, and which are gener- 
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ally treated of apart as a class by themselves, because their carbon atoms 
have a peculiar mutual binding. We shall, therefore, take up the con- 
sideration of the glucosides after the description of this other class of 
compounds which we call the aromatic series. 



Uric Add and its DerivatiTes. 

Uric acid belongs properly to the propane group, but it was not con- 
sidered under that series because of its complicated constitution, and since 
it was not deemed advisable to separate it from many of its derivatives 
which belong to the ethane series. 

Uric acid occurs free and in the form of salts in the nrine 
of all yertebrate animals, in smaller amounts in the urine of 
mammalia, and in very small amounts in that of the herbivora, 
it being here replaced by hippuric acid. It exists in large 
amounts in the secretions of birds, amphibians, and many in- 
sects. Occasionally it is deposited in the bladder and forms 
concretions. It is made from the excrements of snakes, which 
consist almost entirely of uric acid. 

Uric Acid, O5H4N4O3, is a white, crystalline powder, very 
difficultly soluble in hot water, and almost insoluble in cold 
water. It forms two series of salts with bases, of which the acid 
ammonium and acid potassium salts are the most important. 
The former is the material from which the acid is made ; the 
latter, owing to its difficult solubility, is used in purifying it. 
The lithium salt, which is the most easily soluble in water, is 
also worthy of notice. 

Uric acid is decomposed by heat, evolving ammonium cyanate and 
carbonate, and leaving a nitrogenous coal. On heating with iodohydric 
acid, it takes up water and breaks into carbonic acid, ammonia, and glyoo- 
coll : 

C5H4]Sr403 + 5 H2O = 3 COa + 3 NHs + C^H^NO,. 

Glycocoll 
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It yields a number of products on oxidation, the nature of which de- 
pends on whether the oxidation is performed in an acid or an alkaline 
solution. 

1) By the moderate action of nitric acid, it is decomposed into urea 
and dtloxan, C4H2Na04 : 

C5H4N4O3 + H2O + = CH4N2O + C4HaNa04.. 

Urea Alloxan 

By further action, the alloxan is converted into parabanic acid, 
O3H2N2OS, and carbonic acid : 

C4N2H.,04 + O = CaH.NaOa + CO2, 
Alloxan Parabanic acid 

while, at the same time, the alloxan takes up the elements of water, form- 
ing alloxanic acid, C4H4N2O5 : 

C4HaN204 + HaO = C4H4N2OS, 

Alloxan Alloxanic acid 

and the parabanic acid yields, at the same time, oxalv/nc acid, 
C8H4Na04 : 

C3H2N2O3 + H2O = C3H4N2O4. 
Parabanic acid Oxaluric acid 

Alloxanic and oxaluric acids take up the elements of water on boil- 
ing, and break into urea and mesoxalic acid, C3H2O&, or oxalic acid, 
CaHa04 : 

C4H4N205 + HvO = CH^NaO + C3H2O5 
Alloxanic acid Urea Mesoxalic 

acid 

C3H4Na04 + HaO = CH4NaO + CaHa04. 
Oxalarlc acid Urea Oxalic acid 

2) A solution of uric acid in potassa is gradually oxidized to uraxanie 
add, C5H8N40fl : 

C5H4N4O3 + 2 HaO + O = C5H,N40«. 

Uric acid is oxidized by potassium permanganate into allantdln, 
C4H6N4O3 : 

C5H4N4O8 + HaO + = C4HflN403 + COa, 

which by further oxidation passes into allantoxanic acid, C4H3N3O4 : 

C4H«N40, + = C4H3NBO4 + NHs. 
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Uric acid may be detected in the smallest amounts by moistening with 
nitric acid, drying, and moistening the onion-red residue with ammonia. 
A superb purple-red color is obtained. (Murexide,) 

The constitution of urea, as we have seen, is : 

^^^NhI (Carbamide), 

COOH 

POOH ' 

of oxalic acid, i , and of mesoxalic acid, GO 

If we imagine an H of the amido-group of urea to be replaced by the 
rest of oxalic acid (oxalic acid minus OH) we have : 

CO<;NH-CO-COOH, ^^ c,H,N,0„ 

or oxaluric acid. If the replacement takes place with the rest of mesox- 
alic acid, we have : 

CO<Jg;CO-CO-COOH ^, C,H,N,0.. 

or ctlloxanie acid, Alloxanic acid, however, is formed from alloxan, 
which contains one HaO less. Alloxan is, therefore, a more intimate 
mutual combination of the atomic groups : 



«o^=88>o. 



or urea, in which an H of each of the two amido-groups is replaced by the 
di-yalent rest of mesoxalic acid. Parabanic acid is : 

\nh-co 

or urea in which an H of each of the two amido-groups is replaced by the 
di-yalent rest of oxalic acid. In the case of uric acid, its decomposition 
into urea and alloxan must be taken into account. It contains, therefore, 
a urea rest, but since the alloxan is formed by oxidation, it must contain 
an atom of oxygen less than the sum of the atoms of urea and alloxan 
less water. 
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Uric acid may perhaps be considered as : 

C0< ii >C0, 

i.e., two urea rests bound together by the group "C'CO". It is easily 

II 
-C" 

to be understood that the group CsO is converted into mesoxalic acid by 

oxidation, and finally into oxalic and carbonic acids. 

Alloxan, Co/]^]^-^q\cO, or C4H2Na04. 

It is produced by adding uric acid in portions to concentrated nitric 
acid. The alloxan separates in crystals. It is soluble in water, has an 
offensive odor, and colors the skin red. Dilute alkalis convert it into 

AUoxanic acid, CO/^^^"^^"^^"^^^^, or C4H4N2O5, which crys- 
tallizes in needles and forms two series of salts. It is converted by re- 
ducing agents (zinc and chlorhydric acid) into all<xca/ntine, C8H4N4O7 : 

2 C4H4N2O6 +.H2 = C8H4N4O7 + sHaO, 

which by further reduction passes into 

Dialuric acid, C4H4N3O4, or Co/jJ]g[-^^\cH(OH). Dialuric acid 

contains, together with the rest of urea, the rest of tartronic acid, 
COOH"CH(OH)"COOH, and is hence tartronylurea, just as alloxan is 
mesoxylurea, and parabanic acid, oxalurea. 

Dialuric acid crystallizes in light yellow prisms, and is a monobasic 
acid. On mixing dialuric acid and a solution of alloxan, alloxantine is 
formed : 

C4H4N2O4 + C4H2N2O4 = C8H4N4O7 + H2O. 
Dialurit acid Alloxan 

The constitution of alloxantine is, therefore, 



Alloxantine, on boiling with a solution of ammonium chloride, breaks 
into alloxan and dialuramide : 

C,H4N407 + NH4CI = C4H,N204 + C4H5N3O8 + HCL 
Alloxantine Alloican Dialuramide 
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Dialuramidey or uramile, is also formed by the reduction of nitro- or 
nitrosobarbituric acid, and has the constitution 



C<NH-CO>H(NH,). 



It is insoluble in water and soluble in ammonia. On boiling with 
potassium cyanate, it forms a potassium salt isomeric with the uric acid 
salt, potassium psetbdo-urate. 

PseucUhuric acid is probably 



•ai=88> 



By the oxidation of dialuramide, murexide, the ammonium salt of pur- 
puric acid, is obtained. 

Purpuric acid stands to dialuramide in the same relation as alloxantine 
to dialuric acid. It is, therefore, alloxomtin,imide : 

■ 

2 C4H5N3O3 + = CHnNaOe + HaO. 
Dialuramide Murexide 

C.H,N«'0« = C.H5N50, . NHs. 

Murexide Purpuric acid 

Murexide forms golden-greenish leaflets which are diflQcultly soluble 
in water, but which impart to it an intense purple color. It is soluble in 
potassa with an indigo-blue color which is destroyed on boiliug, with the 
evolution of ammonia. Acids decompose it on boiling into alloxan and 
dialuramide. 

Murexide is used as a red dye for fabrics. 

On heating dialuric acid with glycerol, we obtain 

Hydurilic acid, Ct.H6N408 : 

2 C4H4N2O4 = C,H«N40« + H2O + 0, 

* 

which crystallizes in small prisms containing 2 HaO, and difficultly solu- 
ble in water and alcohol. From this is obtained 

Barbituric acid, C4H4NaOs, which crystallizes in large prisms. Bro- 
mine converts it into dibrombarbituric acid, C4H2Br2N208, fuming nitric 
acid into nitrobarbituric acid, or dilituric acid, C4H3(N02)N03. Ni- 
trous acid transforms it into nitrosobarbituric acid, or violuric acid, 
C4H:,(N0)N20,. 

Barbituric acid, CJO<^jj2-cO/^^^' ^^ malonylurea, and on boiling 
with dilute potassa falls into malonic acid and urea : 
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COOH 

600H 

Thus far we have considered 

Malonylurea, or barbituric acid, CO/^Sg-QQ^CHa, 

Tartronylurea, or dialuric acid, Co/jJ^-^qNcHCOH), 

Mesoxylurea, or alloxan, ^^\NH"CO/ ^^' 

<NH"CO 
I , or CsHsNaOs, is obtained 
NH-CO 

by allowing a solution of urea in nitric acid to evaporate. It is soluble 

in water. On boiling with ammonia it yields 

Oxaluric acid, C0<(^^~^^'^^^^* or C3H4Na04, which is a mono- 
basic acid difficultly soluble in water. On boiling with alkalis it breaks 
into urea and oxalic acid : 

CO/NH-CO-COOH H^o ^ cCK^H, + COOH 

\NHa ^ \NHa^QQ02 

By the action of reducing agents on parabanic acid, oxalanHne, 

C6H4N4O6, is obtained, which corresponds to alloxantine, and which by 

further reduction passes into 

/NH-CO 
Allaniuric acid. C3H4Na03, or C0< 1 , or glyoxylurea. 

\nH-CH(OH) ® ^ 



Allied to this compound is 



/NH-CO 



HydarUo^ney or glycolylurea, C3H4Na03, or CO^ _ 1 . This body 

\jNII CHa 

is obtained by the digestion of allantdlne, C4H6N4O3, a compound occur- 
ring in the urine of calves and of the foetal calf, with iodohydric acid : 

C4HeN403 + 2 HI = CH4N,0 + C3H4NaOa + la. 
Allantolne Urea Hydantolne 

AllantoHne is formed by the oxidation of uric acid in alkaline solu- 
tion, and also by heating glyoxylic acid (CHO'COOfl) with urea. It 
crystallizes in glittering prisms, which are difficultly soluble in cold water 
and are decomposed b/^boiling with alkalis. 
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ffydantoine forms needles fusing at 206**. On boiling with barjta 
water they give 

Eydantoie acid, CaHeNOa, or C^a<^jTij-njT "COOH* *^ ^^ crys- 
tallizing in large prisms. It can be produced by heating glycocoll with 
urea. 

We have thus three bodies which can be derived from each other by 
oxidation (or inversely by reduction) : 

/NH~CO 
Qlycolylurea, or hydantolne, . C0<' _ i^ 

\NH CHa 



I, C0< , 



Glyoxylurea, or allanturic acid, C0< i 

^ ^ ' \nH-CH(OH) 

/Nfl-CO 
Oxalylurea, or parabanic acid, CCk i 

•^ *^ \nh-co. 

To conclude, we shall take up^ several bodies and their 
decomposition-products, which occur in the animal organism. 

Xmithiney C5H4N4O2, is a normal constituent of many 
animal tissues. It is an amorphous powder, very difl&cultly 
soluble in water. It combines with both acids and bases. 

Sarcine, or ITypoxa?ithine, CgH^N^O, occurs in the juice of 
the muscles, in the spleen, liver, kidneys, brain, etc. It is a 
crystalline powder, difficultly soluble in cold water, more easily 
in hot. It possesses basic properties, and decomposes at 150°. 
Its ammoniacal solution gives a precipitate with silver nitrate: 

CgHgAg^N^O + H2O. 

The flesh of muscles contains, besides sarcine, 
Carnine, C^HgN^Og+HgO, which is a colorless powder, 
difficultly soluble in water. Nitric acid converts it into hy- 
poxanthine. 

If the above compounds are compared with uric acid, it 
will be noticed that they form a series, the members of which 
increase by an atom of oxygen. They are similar in their 
chemical relations, and probably have an analogous consti- 
tution. 
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Sarcine C5H4N'40 

Xanthine 05114^408 

Uric acid C5H4N4O3 

Theobromine, G^B.^'N ^0^9 and Caffeine, G^B.^^'S^O^, s,Te 
homologous with xanthine, and have a similar constitution. 
Theobromine exists in the cocoa-nuts. It is difficultly soluble 
in water, and forms crystalline salts with acids. Caffeine, 
Theine,oT MethyUheobromine, CgH^ o!N402+HgO, is contained 
in coffee and tea. It forms fine needles, which lose their water 
of crystallization at 120°, and fuse at 234°. They are diffi- 
cultly soluble in water, and sublime at a higher temperature 
unchanged. It possesses weak basic properties. When taken 
internally, it causes trembling and palpitation of the heart. 

Theobromine is dimethylxanthine, C7HbN403 = C6H2(CH3)2N40a; and 
caffeine is trimethylxanthine, C8HioN40a = C5H(CH3)3N402. 

Guanine, creatine, and creatinine are closely related to this 
group. 

Guanine, CgHgNgO, we may imagine to be derived from 
xanthine by the replacement of an by NH. It is converted 
into xanthine by the action of nitrous acid. It is the chief 
constituent of the excrement of spiders, and occurs in small 
amounts in guano. It is a white powder which unites both 
with acids and bases. It is decomposed by oxidation into 
guanidine, parabanic acid, and carbonic acid : 

C^HgN.O + 3 + H,0 = CH5N3 + C3H3N,03 + CO,. 

Guanidine Parabanic acid 



While the rest of urea, CO^ tJh"' ^^ common to the group of sarcine, 

xanthine, and uric acid, the rest of the guanidine molecule, C(N'H)<^ j^^^" » 

is characteristic of guanine. This rest, ^(N'H)/^^^^-, is also common to 
the following substances : 

/NH, 
Creatine, C=NH , or C^H.NjO,. 

\N(CH3)-CHgC00H 
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Occnrs in the jnice of the muscles of herbiyora. It crystal- 
lizes in limpid, rhombic prisms containing one molecule of 
HgO, which is driven off at 100°. They possess a bitter, 
salty taste, are difficultly soluble in cold water, quite easily in 
hot, and possess weak basic properties. 

By heating creatine with dilute acids the elements of water 
split out, forming 

Creatinine, Of NH \r«A ..* n ti xr a 

Creatinine occurs in the urine and muscles of men, horses, 
dogs, etc. It crystallizes in quite soluble rhombic prisms, 
which possess an alkaline reaction and strong basic properties. 
It forms a characteristic compound with zinc chloride, 
(C,H,NsO),ZnCl,. 

Creatine, on boiling with dilute alkalis, is resolved into 
methylglycocoll and urea, the latter breaking up into carbonic 
acid and ammonia : 

C^H.NjOg + HgO = CaH^NO, + CH^N.O. 

. CHg-NHCCHg) ^ „ ^„ 
MetTiylglycocolly or Sarcosine, k^^jj > or CjH, JN Ug, 

is formed from monochloracetic acid and methylamine : 

COOH^ ' * COOH ^ 

It forms rhombic prisms which are soluble in water, and 
volatilize without decompositioQ. It has weak basic properties. 

Creatine is converted by oxidizing agents into 

Methpluramine, methylgiianidine, CHiNs. or C=NH , a deli- 

\NH(CHs) 
que»3ent, strongly basic substance. 

Standing between methyluramine and creatine is 

/NH, 
6^/ycocyamme, C,H,N,Oa, orCpNH . It is obtained 

^ ^ \NH-CHrCOOH 



GLYCOCTAMIKE. 173 

< 
from glycocoU and cyanamide, and is a glycocoll in which an H is 

replaced by the glycocoll-rest. It is a crystalline, strongly basic body, 

difficultly soluble in yrater. The hydrochloride of glycocyamine, on 

heating to 160", is converted uito the salt of glycocyamidine, CsHsNsO, 

^^„ /NH-CHa 
or (NH)< I . 

The most important of the above eompounds is creatine, 
which is a methylguanidine in which an H of ihe NHg is 
replaced by a glycollic acid rest. 

Guanidine, C^NHo 

Methylguanidine, C^-NH, 

\NH(CH,) 

Creatine, Of-NH» 

\N(CH3)-CHj-C00H 

Glycollic acid, CHg(OH)-COOH. 



Retrospect. 

The large number of bodies which we have thus far met 
with, can, as we haye seen, be traced back to a few compounds, 
the principal characteristics of which appear in their repre- 
sentatives in all the carbon series. We have repeatedly 
noticed that the alcohols, aldehydes, acids, chlorides, etc., 
always exhibit characteristic reactions. 

We shall now consider the chief classes arranged, not 
according to the carbon series, but according to the nature of 
the substitution. 

We meet at first those compounds which consist only of 
carbon and hydrogen, the hydrocarbons, and of these the satu- 
rated hydrocarbons come first. 



CH, = CH^ 



CgHg 
CsHg 



C4H10 = ] 



CII3 CH3 
CI13 CHg CM3 

1) CH3 CHg ClMg CH3 

2) CH3-CH"CH3 



Methane, 

Ethane, 

Propane, 

Butane (2 isomers). 



CijHijj = 



1) CH.3 CHg CHg CHg CH3 



2) OHs-OHg-CH-CHj 

CHs 
CH3 

3) CHa-C'OHj 

CH, 



Pentane (3 isomers). 
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CeHj^ = - 



1) GS3 CIlj v)H.2 GSg v^Sg GHj 

2) CH3"CHjj"CH2~CH-CH3 

• CH3 

3) CH3"CH"CH"CH3 

CH,CH 



4) CH3-CH;-0H-CHrCH3^'^^^<'^^°^^^>' 

CH3 
CH3 

5) CH3"CH2"6~CH3 

I 
CH3. 



We shall stop with hexane, as the number of isomers 
increases extraordinarily in the higher series, according to the 
law of permutations. Of heptane, C^H^g, there are 9 isom- 
ers ; of octane, CgHi g, 35 ; of nonane, 0^ H^ o> 155, etc. Only 
a few of these isomers are known, but new ones are being 
continually obtained. 

These hydrocarbons are formed by the decomposition of 
coal, the first member, methane, being contained in illumi- 
nating gas, while the othera exist in petroleum. They can be 
produced artificially in the following manner : 

1) By the dry distillation of a salt of a monobasic acid of 
the next higher series with an alkali: 

CH "COONa + NaHO = CH^ + ^^003 

Sodium acetate 

CjHj-COONtt + NaHO = C^H, + Na,CO,. 

Sodium propionate 

2) By the electrolysis of the corresponding monobasic acid : 

2 CHa'COOH = CH3-CH3 + 2 CO^ + H^. 

3) By treatment of the zinc compound with water : 

(CH3)2Zn + 2 HgO = 2 CH^ + Zu(OB.)^, 
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4) By treatment of the iodo-compound with sodium, a 
hydrocarbon of a higher series being formed : 

CH3I ^^ CH3 

^ ^%+]Sra2 = X +2NaI. 

The lower members of this series, up to butane, are gaseous 
at ordinary temperatures. Pentane is a liquid boiling at a 
low temperature. The boiling points of the higher members, 
as for instance of those which are contained in petroleum, 
rise above 360°. The boiling points of the different isomers 
of a carbon series are, of course, different. 

The saturated hydrocarbons are characterized by the diffi- 
culty with which they are attacked by reagents, i.e., yield sub- 
stitution-products. Chlorine reacts with a few in the sun- 
light, but with the majority the reaction takes place only at 
a high temperature : 

^'8^18 + Clg = CgHj^Cl-l-HCl. 

From their stability as regards substituting agents, these 
hydrocarbons are calleA paraffines (from para affinis, without 
aJQBnity). Their general formula is C.Hg, ^ g. Hydrocarbons 
(and all organic compounds) having a similar constitution, and 
which are derived from each other by the replacement of an H 
by a CH3, are called homologous. Thus all saturated hydro- 
carbons are homologous with methane, but pentane No. 3, and 
butane No. 1 are not homologous. Those hydrocarbons in 
which each carbon atom is bound with at most two other carbon 
atoms, so that each carbon atom consequently binds at least 
two hydrogen atoms, are called normal. In the series just 
given, the normal hydrocarbons are placed first. 

The general rule for the hydrocarbons of the series C^Hg^+g, 
is that each carbon atom is bound by only one bond to another 
carbon atom. . 
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TJnsatnrated HydrocarlMiis. 

The carbon atoms of the unsaturated hydrocarbons are 
bound together by more than one bond. The simplest case is 
of two carbon atoms bound together each by two bonds, while 
the other carbons are bound as in the saturated hydrocar- 
bons. In this manner, compounds of the type G.Hg. are 
formed. 

CgH^ =OHg=CHj Ethylene, 

CgH, ' = 1) CH3-0H=CHg Propylene, 

C^Hg =1) CH3-CHs,~CH=CH, 

2) OH,-CH=CH-CH, Butylene, 

3) CH3-C=CHg 

CH, 
CjH,o = 1) CH,-CHg-CHt-CH=CHg 
2) CH,-CHg-CH=CH-OHj 
. 3) CH8-CH=C"CHj Amylene, 

^Hj (Pentylene). 

4) CH8-CHg-C=CH, 

These hydrocarbons are formed by the decomposition of 
many organic compounds at a high temperature ; by the action 
of dehydrating agents (cone. HgS04, P2O6, etc.) on mono-* 
hydric alcohols ; and by treatment of their chlorides, bromides, 
or iodides, with potassium hydroxide : 

CsH,! 4- KOH = CjHe + KI + H^O. 

The secondary and tertiary alcohols and their halogen de- 
rivatives break very easily into unsaturated hydrocarbons : 

Ethyl alcohol Ethylene 

The first members of this series, as ethylene, propylene, 
12 



178 KETROSPECT. 

butylene, etc., are gaseous at ordinary temperatures. The 
higher ones are liquids or solids. 

They unite easily with the halogens : 

CH8=CH2 + Brjj = CHgBr-CH^Br, 

Ethylene bromide 

and with the halogen-hydric acids : 

Cxi2"*CHo -f- HI = CHo CHoI, 

Ethyl iodide 

also with sulphuric acid : 

CIig~CH2 -{- HjjSO^ == CHo CHg . HSO^, 

Etbylsulphuric acid 

• 

forming derivatives of the saturated hydrocarbons. The 
double binding is hence easily dissolved. They are also easily 
polymerized by substances having an attraction for water (sul- 
phuric acid> etc.). They are called olefines. 

There are, however, unsaturated hydrocarbons which con- 
tain carbon atoms bound with more than two bonds, or in 
which there are more than two carbon atoms bound by two 
bonds. 

1) C„H2„_2 series. 

CgHjj = CHECH Acetylene, 

CoH. =1) CHEC-CH3 ) ,„ , 

2) CH2=C=CH. \ Allylene, or propylene, 

C^He = 1) CH=C"CH3"CH3 

2) CH3"C=C"CH3 

3) CH2=C=CH-CH2 

4) CH3=CH"CH=CH. 

CjHg, Pentylene, CgH^^^, Hexylene, etc. 

The hydrocarbons of the series, C»Hg,_g, are formed by the 
action of alcoholic potassa on the compounds of the C.Hg^Brg 
series : 

CHgBr"CHgBr + 2 KHO = CH=CH + 2 KBr + 2 H^O, 

or CgH^Brg - 2 HBr = CgHg. 






Crotonylene, or butylene. 
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These hydrocarbons unite easily with two and four atoms of 
a halogen : 

C3H4 4" Clg = C2H4CI2 
C3H4 + CI4 = C3H4CI4. 

2) GJ3.2n-A series. 

Only the higher members are known : CgH^, valylene, a 
large number of the compounds of the formula Ci^Hj g (the 
terpenes), and the majority of the essential oils, of which the 
more important will be considered later on, belong to this 
series. It is easy to see that the number of isomers of the 
composition, Cj oHj g, will be large. 

3) C„H2«_6 series. The remarkably large number, and the 
great importance of the compounds of this particular class 
(the aromatic series), have led chemists from an early date to 
treat them as a separate class. We shall soon have an oppor- 
tunity of studying them. The hydrocarbons which contain 
still less hydrogen will also be taken up later on. 

The substances called petroleum and paraffine, which are met with in 
eommerce, are mixtures of numerous hydrocarbons belonging to the 
C„Ha„4.a and C«H2n series. As the hydrocarbons of the lower series 
(CH4, CaHe, G2H4, etc.), are gaseous at ordinary temperature, while those 
of the higher series (CsHm, CeHis, C7Hi6» etc.)» are liquid, and the still 
more complicated ones (C20H42, etc.), are solid, the difference between 
petroleum and parafl&ne lies chiefly in the former consisting for the greater 
part of hydrocarbons under C20, while paraffine is composed chiefly of 
those from C20 to C27. 

Petroleum occurs in many places, but particularly in the United States. 
It is formed by the slow decomposition of organized bodies (plants and 
animals). Crude petroleum, as it issues from the earth, contains also the 
lower hydrocarbons, the greater part of which are evolved in a gaseous 
state, although a part of them remain in solution. On aecomit of the 
gaseous and low boiling hydrocarbons whiQh it contains, petroleum begins 
to boil at a low temperature, and as it ignites very easily, has given rise 
to many accidents. It has, therefore, to be rectified, i.e., distilled. The 
portions going over between 150° and 200° constitute the petroleum of 
commerce (kerosene). 
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The portkm distilling under 150° is also utilized. That which goes 
orer under 100^ is known as petrdeum^iher, cymogen, rigolene, etc, 
while that between 100° and 150° constitoes the article known as bemint, 
or Ugraine, which is used as a solvent for fats, resins, caoutchouc, etc, 
and for making gas. On account of its inflammability, it has to be 
handled with great care. 

Petroleum also contains paraffine, t.«., the liquid hydrocarbons hold 
solid ones in solution. Paraflhie is also obtained by the dry distillation 
of wood, peat, and bituminous shales. It is a white, fatty substance 
resembling wax. It fuses at about 40° and boils oyer 300°. 



Halogen BeriyatiTes of the Hydrocarbons. 

Both the saturated and unsaturated hydrocarbons yield sab- 
Btitation-deriyatiYes in which one or more atoms of hydrogen 
are replaced by chlorine, bromine, or iodine. The number 
of isomeric derivatives is greater than the number of the 
hydrocarbons. Ethane, CgH^, for instance, yields two 
isomeric dichlor-derivatives, CHgCrCHjCl, ethylene chlo- 
ride, and CHj'CHClg, ethylidene chloride. Butane, CjHg, 
or CHj'CHg'CHj, -yields two monochlor-derivatives, 
CHj-CHg-CHgCl and CHj-CHCrCHj. 

The monochlorides, bromides, and iodides are generally 
made from the monohydric alcohols, either by digesting with 
gaseous chlorhydric acid, or by treating them with phos- 
phorus chloride, bromide, or iodide : 

CgHgCOH) + HCl = CgHgCl + HgO, 
8 0,H,(OH) + PBrj = 3 0,H,Br + PH3O3. 

They are also formed by the action of chlorine and bromine 
on the saturated hydrocarbons, and by the addition of the 
halogen-hydric acids to the unsaturated hydrocarbons. In the 
latter case the halogen unites with the carbon atom which 
holds the least hydrogen : 
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3 



CH3"CH=CH3 + HI = CHg-cnrcH 

CH3-C=CHg + HI = CHa-CrCHj 
CH3 CH3 

The dichlorides, dibromides, and di-iodides are produced by 
leading chlorine, bromine, or iodine, into either the hydro- 
carbons of the series C^Hg^, in which case the two halogens 
take up with two different carbon atoms ; or into the mono- 
chlorides, bromides, or iodides, in which case both the halo- 
gens unite with the same carbon atom : 

CH2=CH2 + CI3 = CHgCrCHgCl 
CH3CH2CI + CI2 = CH3"CHCl2 + HCl. 

The other chlorides, etc. , are formed by the continued action 
of chlorine, etc., on the alkylogens. 

On treatment with moist silver oxide, the halogens are 
replaced by hydroxyl, forming alcohols, glycols, aldehydes, 
etc.: 

2 CH3"CH2C1 + Ag20 + HgO = 2 CH3"CH2(OH) + 2 AgCl 
CHgCrCHgCl + AggO + HgO = CH2(OH)"CH2(OH) 

+ 2AgCl 
CH3"CHCl2 + AggO = CH3"CH0 + 2 AgCl. 

On digestion with a silver salt, an ester (compound ether) is 
obtained : 

CgHgCl + CgH30gAg = G,JirG,K,0^ + AgCl. 

Acetic ester 

C,H,C1, + 2 C.HjO.Ag = C,H,=(C,H3C,), + AgOl. 

On digestion with potassium salts, the halogen is replaced 
by the rest in combination with potassium : 

CjHjCl + KCN rzOgHg'ON 
OgHjCI + KSCN = C,H,-SCN, etc. 
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Nascent hydrogen conyerts the halogen deriyatiTes back into 
the hydrocarbons.*. 



C^H.oO^ 



Hydroxyl Deriyatiyes. 

1) Alcohols. 

a) Monohydric alcohols^ C.Hg. + ^OH : 

CH4O = CH3OH Methyl alcohol, B. p. 65 

CjHeO = CHs'CHgOH Ethyl alcohol, B. p. 79 

r CHj'CHjj'CHjjOH Propyl alcohol, B. p. 97 
C3H80= ^ CH3"CH(OH)"OH3 Isopropyl alcohol, 

( B. p. 83 

r CH3'CHg"CH2"CH2(0H) Butyl alcohol, 

B. p. 117 
CH3"CH8"CH(OH)"CH3 

hoi, 
CH3"CH-CH8(0H) 

CH3 
CH3"C(0H)-CH3 

OH3 
CH3"CH2-CHg"CHg"CH2(0H) Normal amyl al- 
cohol, B. p. 137° 
CH3"CH2"CH2"CH(0H)"CH3 Propyl-methyl- 

carbinol, B. p. 119° 

{C^lIf^yGK{OIL)'G^B.^ Di-ethyl-carbinol, 

B. p. 117° 
CHj'CH-CH^'CH^COH) Ordinary amyl alcohol, 

CH3 B. p. 130° 

CH3"0H(0H)~CH"CHs Isopropyl-methyl-carbi- 

CH3 nol, B. p. 108° 

CH3"CH2"C(OH)"CH3 Ethyl-dimethyl-carbinol, 



Secondary butyl alco- 

B. p. 980° 

Isobutyl-alcohol, 

B. p. 108° 
Trimethyl-carbinol, 

B. p. 83° 



CfiH^.O^ 



I 



CH, 



B. i\ 97' 



•The action of iodohydric acid is both substituting and reducing. 
Glycerol and HI yield isopropyl iodide : 
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CcH,,0^ 



0,H,,0^ 



CHg-CHjj-OH.-CH^-CHg-CHg'OH Nonnal 

hexyl alcohol, • B. p. 158° 

CH3"CH2"CHg"CH,"CH(0H)"CH3 Butyl- 

methyl-carbinol, B. p. 137° 

CH3-CH2-CH2"CH(OH)"CH2-CH3 Propyl- 

ethyl-carbinol, B. p. 134° 
(CH3)3=C-CH(OH)-CH3 Pinacolyl alcohol, 

B. p. 120.5° 
(CH3)2=C(OH)-C3H, Propyl-dimethyl-carbinol, 

B. p. 115° 
(CH3)2=C(OH)"CH(CH3)2 Isopropyl-dimethyl- 

carbinol, B. p. 113° 

(OgH5)2=C(OH)"CH3 Di-ethyl-methyl-carbinol, 

B. p. 120° 

CH3-CH2"0Hg"CH2"CH2"CH2"CH2(0H) 

Normal heptyl alcohol, B. p. 175° 
(C3H,)8=CH(0H) Dipropyl-carbinol, B. p. 150° 
(CH3)sj=CH"CH(OH)-CH(CH3)3 Di-isopropyl- 

carbinol, B. p. 132° 

(C2Hg)3iC(OH) Tri-ethyl-carbinol, B. p. 142° 
(CH3)V0(0H)-CH2"CH(CH3)2 Dimethyl-iso- 

butyl-carbinol, B. p. 130° 

(CH3)3=C-C(OH)=(CH3)8 Penta methyl-ethol, 

B. p. 132° 



f Normal octyl alcohol, 
Hexyl-methyl-carbinol, 
Propyl-di-ethyl-carbinol, 
C 9 H g ^, Nonyl alcohol, 
C J H 2 jg Decatyl alcohol. 



B. p. 192 

B. p. 179 

B. p. about 150 

B. p. about 200 

B. p. about 212 



CHa(OH)-CH(OH)-CHa(OH) + 5 HI = CH,-CHI"CH, + 3 H2O + 2 I,. 

Erythrol yields secondary butyl iodides. Chloroform gives methylene 
iodide; 

CHCl, + 4 HI = CH Ja + 3 HCl + I,. 
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CieHssCOH) Cetyl alcohol "I ,., , ,. 
cijHnfoH) Cerotyl alcohol I 'f * ^^ '''^'^ ^'^^"'• 
Cj oH, 1 (OH) Myricyl alcohol J ^^' 

The constitution of the last six alcohols is not known. 
The number of possible isomers is very great. 
Finally, C.Hg..,OH : 

CjH.O = CHg=CH-CHs,OH. 

Allyl alcohol 

Ethers of these alcohols, C„Hg, ^.gO : 

CgHgO = CHg'O'CHj Methyl-ether, B. p. -21°. 

CgHgO = CHg'O'CgHg Methyl-ethyl-ether, + 11° 

C^HjoO = C2Hg"0"C2H5 Ethyl-ether, + 35.5° 

CgHi^O = 04H,~0"C2Hg Butyl-ethyl-ether, etc. 

b) Dihydric alcohols, glycols, 0,H2,(0H)g : 

CgHeOg = CHg(0H)"CH2(0H) Ethyl-glycol 

C H O = iCH2(OH)-CHg-CH2(OH) Propyl-glycol 

^ ' ' lCH3"CH(0H)"CHg(0H) Isopropyl-glycol 
C^H.oOg Butyl-glycol 

C 5 H 1 3 2 Amyl-glycoL 

c) Trihydric alcohols, glycerols, C«Hg,_j(0H)3 : 

CgHgOs = CHg(OH)"CH(OH)-CHg(OH) Glycerol 

C 5 H 1 2 3 Isoamylglycerol. 

d) Tetrahydric alcohols, C,H2»_2(0H)4 : 

C^H.oO^ = CH2(OH)-CH(OH)"CH(OH)-CH2(OH) 

Erythrol. 

e) Hexahydric alcohols : 

CeHj^Oc. Mannol, Dulcol. 

The alcohols can be produced from their corresponding 
aldehydes, or acid anhydrides, by the action of nascent hydro- 
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gen, or from the chlorides, bromides, etc., of the hydrocar- 
bons by the action of moist silver oxide. They can also be 
obtained by treating the alkylogens with the salt of an organic 
acid, and decomposing the resulting ester with potassium 
hydroxide : 

C3HJ + C3H3NaOg = CoHJCgHJOg + Nal. 

Allyl iodide Sodium acetate Acetic ally! ester 

CgH3(C3Hg)0, + KHO = O^HjKOg + C3H,(0H). 

Potassium acetate Allyl alcohol 

Besides the above methods, they are formed by the action of the zmc 
compounds of the hydrocarbons on the aci-chlorides (p. 93): 

CH3-COCI + 2 Zn(CH3)3 4- 3 H3O = (CH3)8=C-OH + ZnClOH 

+ Zn(0H)3 + 3 CH4, 

and by the action of zinc on a mixture of the iodide and the formic 
ester : 

CHO'OCaHft + 4 CH3I + 3 Zn + 3 HaO = (CH8)2=CH(OH) + 3 Znl 

+ Zn(OH)a + 3 CH4 + CaHeO. 

Alcohols are divided into three classes, viz. : primary al- 
cohols, which on oxidation yield the aldehyde and the acid of 
the same carbon series ; secondary alcohols, which on oxidation 
yield a ketone of the same carbon series, and by further oxida- 
tion yield acids of lower carbon series ; and tertiary alcohols, 
which break at once by oxidation into acids of lower series. 
The secondary and tertiary alcohols easily lose the elements 
of water, affording hydrocarbons of the C^Hg^ series. Among 
the isomeric alcohols, the normal possess the highest boiling 
point, the primary higher than the secondary, and the latter 
higher than the tertiary. Regularities seem to exist in the 
differences between the boiling points of homologous alcohols, 
but a law is not yet known. 

The ethers are made from the alcohols by the action of 
their chlorides, etc., on the sodium compound of the alcohol, 
or by treatment of the alcohols with sulphui'ic acid (see 
p. 26). 
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2. a) Aldehydes, CH^.+ jCHO : 

CHgO = H"CHO Methaldehyde 

G3H40= CH3"CH0 Ethaldehyde -21° b. p. 

C3HeO= CHg'CHg "CHO Propionaldebyde 59. 5° 

C H O = i CHg'CH^'CH^'CHO Butyraldehyde 75° 
* ' ICHg'CH-CHO Isobutyraldehyde 68° 

CH3 
.CH3-CH2"CH2"CH2"CHO Normal valeraldehyde 102° 

CHg'CH'CHjj'CHO Fermentation valeraldehyde 93° 

CH3 
C^ Hj 2 Caproic aldehyde 121° 

CjHj^O CEnanthaldehyde. 

The aldehydes are formed by the oxidation of the primary 
alcohols, or by the distillation of the lime salts of the corre- 
sponding acid with calcium formate. Nascent hydrogen 
converts them intp primary alcohols. They are easily oxidized 
into their corresponding acids, not only by the ordinary ox- 
idizing agents, but also by silver oxide. A part of the silver 
goes into combination with the acid, while the remainder is 
precipitated as a mirror on the inner surface of the vessel. 

The aldehydes polymerize very easily, two or three molecules uniting 
to a single one. It is supposed that this polymerization takes place in 
the following manner. One of the bindings between the carbon and the 
oxygen breaks. Both the carbon and oxygen thus have a free valence. 
These free bonds are then neutralized by the free bonds of another similar 
molecule, the bond of the carbon being satisfied by the bond of the oxy- 
gen and the bond of the oxygen by that of the carbon : 

CHs"CHO gives H3C-CH-O 
Ethyl aldehyde i i 

CH-CH, 
• H3C-CH-O 

Paraldehyde 

In a similar manner, two molecules of aldehyde condense with elimina- 
tion of water to one molecule : 

2CH8-CHO give CH3"CH=CH-CH0 and HaO. 

Crutonaldehyde 



V 



CsH, 


CH3-CO-CH3 


C,H, 


CH,-CO-C,H, 




fCHj-CO-OsH, 
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b) Ketones, GJI^n+z^^ ' 

Acetone 58** 

Methylethylketone 81° 
Methylpropylketone 103° 

P TT o -^ ^2^6"^^"^8^6 Diethylketone 104° 

»^« - S CH3-C0'CH(CH3)2 Methylisopropylketone 

93.5°, etc. 

Ketones are formed by the oxidation of secondary alcohols, 
and by the distillation of salts of organic acids. Nascent 
hydrogen converts them into secondary alcohols. On oxida- 
tion, they fall into two acids of lower carbon content, the 
CO-gronp remaining with the smaller rest : 

CHj-CO-CHg +3 = CHOOH + CH3"COOH 
CaH.-CO-CHj + 30 = CsHgOjj + CH3-COOH. 

The ketones also have the property of condensing with elimination of 
water : 

2 CH3-CO-CH3 = CH3-C-CH, 

CH-CO-CH3 + H3O. 

Mesityl-oxide 

3. a) Monobasic acids, G^B-^n-^^iGOOll: 

CHgOjj = HCOOH F. p. + 8° Formic acid B. p. 99° 
CgH^Ojj = CHg'COOH " + 17° Acetic acid " 118 
C3He08 = CHg'CHg'COOH Propionic acid " 141 

P TT O ^jCHg'CHg'CHg'COOH Butyric acid " 163 
* « * - I CHs'CH'COOH Isobutyric acid " 154 

CH3 
CH3"CH2"CH2"CH,"COOH 

Normal valerianic acid " 185° 
CfiHioOg = ^ CH3"CH-CH8"COOH 

OH Valerianic acid " 175° 

Q o; Q _ i Normal caproic acid, " 205° 

' '' ' ~ ( Isocaproic acid, « 200° 
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0, Hi^Oj (Enanthylic acid, B. p. 224° 

Cg HjeO, CapryUc acid, B. p. 236° F. p. 17° 

C, H,gO, Pelargonic acid, B. p. 254° F. p. 12° 

CjoHjoOg Capric acid, B. p. 270° F. p. 30° 

C, jHj^Oj Laurie acid, F. p. 44° 

Ci^HjgOg Myrifitic acid, F. p. 54° 

C , e H 3 8 0, Palmitic acid, F. p. 62° 

C,,H3^0g Margaric acid, F. p. 60° 

CigHa^O, Stearic acid, F. p. 69° 

Cj 0H4 oO, Arachidic acid, F. p. 7S° 

CjgH^^Oj Behenic acid, F. p. 76° 

CjsHj^O, Hyaenic acid, F. p. 77° 

Cg^Hj^O, Cerotic acid, F. p. 79° 

CsoHeoOg Melissic acid, F. p. 91° 

The lower members of these acids, np to capric acid, are, 
with the exception of acetic acid, liquid at ordinary tempera- 
tures. They can be distilled without decomposition, and 
produce on paper a grease -spot which vanishes on standing. 
They are soluble in water, but their solubility decreases with 
their increasing content of carbon, so that the latter members 
are very difficultly soluble. 

The higher members are solid, insoluble in water and solu- 
ble in alcohol and ether. They produce a grease-spot on 
paper, which does not disappear, and cannot be distilled with- 
out decomposition. 

These acids are formed by the oxidation of their corre- 
sponding primary alcohols and aldehydeef, and by boiling the 
proper cyanides with bases or acids : 

CoHj'ClSr + KOH + HgO = CgHgCOgK + NH3. 

Ethyl cyanide Potassium propionate 

They are also produced by boiling their esters with bases : 
CaH.fOC. 3H3,0)3 + 3 KOH = C3H5(OH)3 

stearin Glycerol 

-j- 3 C| ^H3g!K02* 

Fotassinm stearate 
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Lastly, they are obtained by the action of the chlorides, etc., 
on sodium aceto-acetic ester, and decomposition of the substi- 
tuted aceto-acetic ester thus obtained with potassium hydrox- 
ide. (Compare p. 92.) 

The acids are converted by the action of phosphorus penta- 
chloride into act-chlorides, the OH being replaced by CI : 

CHg-COOH + PClg = POCI3 + CH3COCI + HCl. 

The aci-chlorides can also be produced by the action of 
phosphorus oxychloride on a salt of the acid. Their CI is 
very easily replaced by other elements or groups. With water, 
the acid is regenerated. 

The anhydrides of the acids are obtained by the action of 
the aci-chloride on a salt of the acid : 

CH3-COCI + CH3"C00m = NaCl+CH3"CO'0""CO"CH3, 

or by the action of phosphorus oxychloride on an excess of a 
salt of the acid : 

4 CH3"C00Na + POCI3 = NaPOj + 3 NaCl 

+ 2 (CH3C0)«0. 

Acetic anhydride 

The acid anhydrides are easily decomposed. With water, 
they yield the original acid. 

Phosphorus pentasulphide converts the acids into thio- 
acids : 

5 CH3-COOH + P8S5=Pg05 + 6 CH3-COSH. 

Thioacetic acid 

Thio-acids are decomposed by water into H2S and the orig- 
inal acid. With alcohol, they produce the mercaptan and the 
acid : 

CH3"C0SH + H2O = HgS + CH3-COOH 
CH3-COSH+C2H5HO=C2HgSH+CH3"COOH. 

The specific gravity of the lower fatty acids decreases with the con- 
tent of carbon : 
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BETROSPECT. 



Acetic acid, 
Propionic acid, 
Butyric acid, 
Valerianic acid, 

0,H2,_,C00H: 
C3H4O2 = 



Sp. gr. 1.05 

0.99 

" 0.95 

0.94 



(( 



Caproic acid, Sp. gr. 0.93 
Heptylic acid, 
Octylic acid, 
Nonylic acid. 



(( 



(( 



0.92 
0.91 
0.90 



CH8=CH"C00H 



C,H,08 = ^ 



CgHgOg 



Cc^ioOg 



Acrylic acid 
CH3'CH=CH"C00H Crotonic axjid 
CH =CH"CHrCOoHIsocrotonica<5id " 172^ 



B. p. 140° 

" 182° 



2 



COjjH 



2 



CHg=C<( QTT* Methylacrylic acid 



<< 



160° 



2 



CicHsoO 
C18H34OJ5 

^22-"-42^2 



j Angelic acid F. p. 45° 

(Tiglicaxjid '' 65° 

( Hydrosorbic acid 
•< Pyroterebic acid 
( Ethylcrotonic acid 

Hypogaeic acid 

Oleic acid 

Erucic acid 



B. 


P- 


185° 




:t 


198.5° 




u 


208.5° 




:< 


207° 


F. 


p 


. 41° 




:t 


33° 




;t 


14° 




:t 


34° 



These acids are distinguished from the preceding ones con- 
taining the same amount of carbon^ by containing two atoms 
of hydrogen less. They are hence unsaturated acids, and 
have the power of uniting with two atoms of CI, Br, or I. 
They break on fusion with KOH into two acids of lower 
series, the molecule generally breaking at the double binding : 

CH2=CH-C00H + 2 KHO = CHKO, + C.H3KO2 + ^ H. 

Potassinm , Potassiom 

fonnate acetate 

The higher acids of this series are called oil-acids. 
• b) Monobasic acids containing alcoholic hydroxyl, glycollic 
acids, C,H2„(0H)C00H: 

C2H4O3 = CH2(0H)"C00H Glycollic acid 

C H = •{ CH2(OHrCH2"COOH Paralactic acid 



C4H8O3 



\ 0H3-CH(0H)"000H Lactic acid 

Butylactic acid 
Leucic acid 
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c) Dibasic acids, C,H2,.+ 2(COOH)g : 






C,H,0, 


Oxalic acid 






CsH.O, 


Malonic acid F. 


P- 


. 132° 


C.HeO j 


' Succinic^ acid 




180° 


[ Isosuccimc acid ' 




130° 




Glutaric acid ' 




97° 


CgHgO^ 


Pyrotarfcaric acid ' 




112° 


Ethyl-malonic acid ' 




112° 




Dimethyl-malonic acid ' 




170° 


CeH.oO, 


Adipic acid ' 




*U8° 


C^HjjjO^ 


Piuielic acid ' 




114° 


CsHi^O^ 


Suberic acid ' 




140° 


C10H18O4 


Sebacic acid ' 




127° 


Cl.lHggO^ 


Eocellic acid ' 




132° 



d) Dibasic acids with alcoholic hydroxyl : 

CH.-COOH 



O^H.O 



2 



* CH(OH)"COOH 
CH(OH)-COOH 



Malic acid 



C.H-0- = I ^^ ^ ^ Tartaric acid. 

* ' ' CH(OH)"COOH 



e) Tribasic acids : 



C-HgO-, Citric acid. 



When the salt of an organic acid, either alone or mixed 
with the salt of another organic acid, is submitted to dry 
distillation, a ketone is produced. If one of the salts is a 
formate, an aldehyde is obtained. An aldehyde may be 
considered as a ketone in which one of the hydrocarbon rests 
is replaced by H (compare p. 112). 

4) Esters (compound ethers) : 
CgH^O = CHOg'CHs Methyl formic ester B. p. 33° 
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CgHg O2 



( OHOrC.H. 

( CgHgOg'CHg 

CHOg 03x1,^ 
C^Hg Og = •< CoHqOo CoHi 



CeHjoOg = 



Ethyl formic ester B. p. 55° 
Methyl acetic ester 55° 

Propyl formic ester 77° 

Ethyl acetic ester 
Methyl propionic ester 
Isobutyl formic ester abt. 100° 
Propyl acetic ester 102° 

Ethyl propionic ester 99° 

C^H^Og'CHg Methyl butyric ester 95°, etc. 



2 
CHOg C^Hq 

CgH302 C3H, 

C'sHsOg'CgHg 



The higher members of the esters form many isomers. 
They are isomeric with the fatty acids, from which their con- 
stitution differs chiefly in their possessing a carbon atom 
which is not bound directly to another carbon atom, but is 
linked by means of an atom of oxygen. They are made (1) by 
distilling a salt of a fatty acid (usually a sodium or silver salt) 
with a mixture of sulphuric acid and the alcohol ; (2) By 
digesting the salt with the chloride, bromide, or iodide of a 
hydrocarbon ; (3) By saturating a mixture of the acid and 
alcohol with chlorhydric 'acid gas and distilling. On boiling 
with a solution of potassium or sodium hydroxide, they are 
decomposed into the salt of the acid and the alcohol. Am- 
monia converts them into the amide and alcohol. 



' 


Amine Bases. 




CH3-:NHg 


Methylamine 




(CH3)gNH 


Dimethylamine 




(CH3)3N 


Trimethylamine B. p. 


9° 


CgH,-NHg 


Ethylamine B. p. 


19° 


(CgH5)(CH3)NH Methylethylamine 




(CgH,)gNH 


Diethylamine . B. p. 


57° 


(C^HJsN 


Triethylamine B. p. 


96° 


CsH,(NHg) 


Propylamine and Isoprop 


ylar 



AMIKE BASES. 193 

C4Hj>(NH;g) Butylamine and Isobntylamine 

C 5 H 1 1 (NH 2 ) Amylamine 

(C 5 H J J ) g NH Diamylamine 

(CgH J J 3N Triamylamine 



CHg(NHg) 

CHg(NHg) 
CHg-NH'CHg 

CHg-NH-CHg 



Ethylenediamine 



Diethlenediaminc^ etc. 



The amines possess basic properties, form salts with acids, 
and giye with platinic chloride difficultly soluble double salts, 
e.g. (CHg'NHg.HCOgPtCl^. 

The ammonium bases, (CH3)4NI, are characteristic of the 
pentarvalence of nitrogen. 

The primary amine bases can be conyerted into the second- 
ary, the latter into the tertiary, and these into the ammonium 
compounds. The amines can be distilled without decomposi- 
tion, but the ammonium bases break thereby into tertiary 
amines, hydrocarbons of the series C„H2, and water : 

(CgHJ.NOH = (CgHJgK + CgH, + H^O. 

Tetra-ethyl ammonium Tri-ethylamlne Ethylene 
hydroxide 

The only fexception to this rule is tetramethylammonium hydroxide, 
which yields CH4O, methyl alcohol, instead of CHa, H2O and trimethyl- 
amine. 

We can ascertain whether an amine is primary, secondary 
or tertiary, by attempting to convert it into the tetra-substi- 
tuted ammonium salt. The base, CgH^N", for instance, may 
be trimethylamine, (0113)3^", (tertiary) ; or methylethylamine, 
CHg'NH'CgHj, (jsecondary) ; or propylamine, CgH^'NHg, 
(primary). On digestion with ethyl iodide to saturation, we 
obtain in the first case a compound (CH3)3(C8H5)N"I; in 
the second case, C2H5(CH3)(CgH5)gNI ; in the third case, 
C3H,(C2H5)3NL These are all different bodies. If, there- 
fore, only one H can be substituted by an ethyl-group, 
13 
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the compound is a tertiary amine^ if two H's^ a secondary, if 
three, a primary. 

In the same manner that amines are derived from alcohols 
by the replacement of the hydroxyl by the amido-group, 
amides are derived from acids by the replacement of the hy- 
droxyl of the carboxyl by the amido-group : 

CR'CKJOB) CH3-CH2(NH4) 

fehyl alconol Ethylamme 

CH3~C0(0H) CH,"CO(NHg) 

Acetic acid Acetamide 

CHO"NH, Formamide 

CH3"C0"NH, Acetamide 

(CH3"C0)2NH Diacetamide 

(CH3"CO)3N Triacetamide. 

The phosphines, stibines, and arsines correspond in consti- 
tution to the amines. 

Cyanides. * 

OHj'CN Methyl cyanide, Acetonitrile 

g H 5 "CN Ethyl cyanide, Propionitrile 

CjH^'CN Propyl cyanide, Butyronitrile 

O^Hj'CN^ Butyl cyanide, Valeronitrile. 

The cyanides are obtained by the action of potassium cyan- 
ide on the chlorides, etc., of the hydrocarbons. On boiling 
with acids or alkalis, they are converted into the acids of the 
next higher series (and ammonia) : 

CH3~NC Methyl isocyanide 

CjjHg-NC Ethyl isocyanide 

C3H,"N^C Propyl isocyanide 

C^H^'NC Butyl isocyanide, etc. 

The isocyanides are formed together with the cyanides. 
They are also produced by the action of two molecules of 
silver cyanide, one molecule of an iodide, or by the action of 
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chloroform on the primary amines in the presence of potas- 
sium hydroxide. They decompose easily into the amines and 
formic acid. 

Corresponding to two series of cyanides, there are two series 
of cyanates and sulphocyanates : 

CH3"K=C0 Methyl cyanate 

CHg'O'CN Methyl isocyanate 

CH3'N=CS Methyl mustard oil 

CHg'S'CN Methyl sulphocyanate, etc. 

Nitro- Compounds. 

These compounds, which are isomeric with the nitrous 
esters, are obtained by the action of silver nitrite on the 
iodides. Nascent hydrogen^ converts them into amines. 

Sulphonic Acids. 

CHg'SOgH Methyl sulphonic acid 

CgHg'SOjH Ethyl sulphonic acid 

CgH^'SOjH Propyl sulphonic acid 

CH2=(S03H)2 Methylene sulphonic acid. 

The sulphonic acids are isomeric with the primary sulphur- 
ous esters. Their ammonium salts are obtained by digesting 
neutral lammonium sulphite with the alkylogens. 

There remain still to be mentioned, the metallo-compounds 
of the hydrocarbons, of which the zinc and mercury com- 
pounds are the principal. 

(CH3)2Zn Zinc methyl 

(C8Hg)2Zn Zinc ethyl 

(CH3)3Hg Mercury methyl 

(CjHgjigHg Mercury ethyl. 

They are produced by the action of the metal on the iodides. 
Owing to the great ease with which the metal is substituted 
by other elements or atomic groups, they are well suited to 
the production of new compounds. 



Aromatic Compounds. 

We come now to a class of compounds which differ con- 
siderably in their behavior from the substances we have thus 
far considered, and which are generally termed the fatty series. 
On the average, the aromatic compounds are richer in carbon 
than the fatty compounds. The chief products which they 
yi^d on decomposition belong to the same class. They can- 
not be converted into the fatty compounds without suffering 
the most vital decomposition of the molecule. Neither can 
the fatty compounds be converted, into the aromatic com- 
pounds except by reactions which cannot be represented by 
chemical formulas. 

While the fatty compounds are derived from methane, the 
aromatic compounds are derived from a hydrocarbon of the 
formula, C^Hg, which belongs to the GJl^n-^ series. The 
most generally adopted constitution of this body is that each 
of the SIX carbon atoms is bound to two other carbon atoms, 
to one of them by one bond, to the other by two bonds, form- 
ing a closed chain, or ring. 

H 

A 

^ V V ^ or Ch/CHzCHXoh 
H"0 C"H \CH CH/ 

I 

H 

This hydrocarbon is called benzene, A hydrogen atom is 
united to each carbon atom. The ring cannot be broken by 

196 



BENZEl^E RING. 197 

ordinary reactions. The double binding, however, can be 
dissolved and another mono-valent atom united with each 
carbon atom. 

The six hydrogen atoms on the benzene ring are capable of 
substitution, and far more easily than those of methane. 

If we replace a hydrogen atom by chlorine, ^e shall obtain 
CeHjCl: 

H 

hYVh 

II I 

H-C C"H 

CI 

No matter with which carbon atom the chlorine unites, it 
is surrounded by five hydrogen atoms, In every case it has 
the same position. Hence, only one compound of the formula, 
CgHgCl, is possible. The same is the case when instead of 
the chlorine we have a hydroxyl-group, CgHgOH ; or an 
amido-group, CgHgNHg ; or a methyl-group, CgHgCHg ; or 
a carboxyl-group, CgHg COOH. If only one atom of hydro- 
gen of the benzene nucleus is. replaced by a mono-valent ele- 
ment^ or atomic group, no matter how complicated it may be, 
only one compound is possible. * 

"We shall mention here a chemically characteristic peculiarity 
of the aromatic hydrocarbons and their derivatives, which 
sharply defines them from the fatty compounds. We have 
seen that the hydrogen of the fatty compounds is substituted 
directly only with difficulty. Chlorine and bromine, it is 
true, have the power of substituting ,the hydrogen, but to 
produce new derivatives, it is necessary to use the chlorides, 
bromides or iodides, or salts of the primary sulphuric esters. 
It is particularly to bo remarked that when nitric, or sulphuric 
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acids act on the fatty compounds, the hydrogen of the fatty 
compound does not unite with the hydroxyl of the acid to 
form water and a substitution product arising from the re- 
placement of the H of the fatty compound by the rest of the 
acid {u e.y the acid minus hydroxyl). Nitric acid, for in- 
stance, does not yield with methane, water and a compound 
CHg'N'Og, nitromethane, 

CH^ + NOgOH does not yield CHgNOg + H^O. 
Neither does sulphuric acid produce a sulphonic acid : 
CH^ + SOg/^g does not yield SOg/Q^^ ^ HjjO. 

Nitromethane and methylsulphonic acid are both known, but they are 
formed by entirely different reactions, the former by the action of silver 
nitrite on methyl iodide, and the latter by the action of ammonium sul- 
phite on methyl iodide (compare p. 39). 

The aromatic bodies, however, behave in a very different 
manner. Their hydrogen is easily replaced by the rests of 
nitric and sulphuric acids, so that the nitro- and sulphonic 
acid derivatives can be obtained by direct action. The only 
fatty compounds acted on by nitric and sulphuric acids are the 
alcohols, and the products are esters. The difference between 
the nitro- and sulphonic acid compounds and the esters lies 
in the carbon and sulphur being bound directly with the car- 
bon in the former, while in the latter they are not bound 
directly, but linked by means of oxygen : 

C,H,OH + SOyg| = SO,<^gg*^« + H,0 

Ethyl alcohol Sulphuric acid Ethyl sulphuric acid 

0,H, + S0/g| = SO,^gjJ^» + H,0 

Benzene Sulphuric acid Benzene sulphonic acid 

2 C,H,OH + SO.^gl = SO./gg^g* + 2 H.O 

Ethyl sulphuric ester 
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20,H. + SO,<(gg = SO,<(g«g» + 2H,0 

Sulphobenzide 

CgH,OH + NOgOH = NO "O-CgH, + H-0 

Ethyl nitric ester 

C.H, + NOgOH = NOrC.H, + H,0. 

Nitrobenzene 

The difference between the nitro- and sulphonic acid compoandsy and 
the nitrous and sulphurous esters isomeric with them, appears pUunly in 
the products which are formed by their reduction with nascent hydro^n. 

N-CH3 isomeric with 0=N-0-CH,. Both are CH,NOa. 

A Methyl nitrous 

ester 

Nitrometbane 
HO"S~CH, isomeric with CHs~0"S"H. Both are CH4SO,. 

A A 

Hethylsulphonic acid Methyl snipburons 

ester 

When the nitrogen and sulphur are bound directly to carbon, as is the 
case with the nitro- and sulphonic acid compounds, these elements re- 
main bound to the carbon on reduction, and the oxygen which was in 
combination with them is replaced by hydrogen : 

N-CH3 gives H,N-CH, + 2HA 

^\^ Metbylamine 

HO"S"CH, gives HS"CH, + 8HaO; 



A 



Methyl mer- 
captan. 



When, however, the binding is not direct but indirect, i.e., consists of 
a linking by oxygen, as is the case in the nitrous* and sulphurous esters, 
the nitrogen and sulphur break off, the hydrogen unites with the oxygen, 
and an alcK>hol is produced : 

0=N-0-CH, giYes HOCH, -4- NH, + H3O, 

Methyl alcohol 

CH3-O-S-H gives HOCH, + HaS + 2 HaO. 
^/^\ Methyl alcohol 

Many benzene derivatives yield with nitrous acid, or its esters, com- 
pounds in which an H of the benzene-nucleus is replaced by the rest of 
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nitrous acid, NO. These derivatives are called nitro8<hcompound8. Nitric 
acid oxidizes them to nitro-compounds. 

We have seen that there can be only one chlorbenzene, one 
hydroxylbenzene, one nitrobenzene, one benzene sulphonic acid, 
one methylbenzene, one carboxylbenzene, &c. 

The case is different, however, when two hydrogen atoms 
of benzene are replaced by two mono-valent atojns, or groups, 
as the relative position of the two substituting elements has a 
great influence on the nature of the compound which is 
formed. Let us take the simplest case, the one in which two 
atoms of the hydrogen in benzene are replaced by two chlorine 
atoms. We find that there are three modifications of this 
compound : 

CI CI CI 

/^\. /^V /^v 

HOe ' jjCCl HCc ' gCH HC^ ' ^^H 

^) HO5 3CH ^) HOg 36CI ^) HCg oCH 

\^ x^/- . \},/ 

H H Cl 

Or 1) CCl . CCl . CH . CH . CH . CH 

2) CCl . CH , CCl . CH . CH . CH 

3) CCl . CH . CH . CCl . CH . CH 

If we represent the upper C by 1, and count to the right, we 
can represent these compounds as follows : 

1) CeH^ I ^ ^p 2) CgH^ -j 3 Qp 3) C^H^ | ^ ^p 

A fourth compound is not possible, since 1 . 5 is the same as 
1 . 3, both of the chlorine atoms being separated by an H. In 
the same manner 1 . 6 is the same as 1 . 2. The two entering 
atoms, or groups, are, then, either adjacent (1 . 2, 1 . 6), or 
separated by one H (1.3, 1 . 5), or separated by two H*s 
(1 . 4). In the latter case they are directly opposite. 
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Consequently there are theoretically possible : 

Three dichlorbenzenes. 
Three dihydroxylbenzenes. 
Three diamidobenzenes. 
Three chlorhydroxylbenzenes. 
Three cliloramidobenzenes. 
Three amidonitrobenzenes. 
Three dinitrobenzenes, etc. 

The di-substitntions of benzene are classified as follows : 
When the substitutions are adjacent (1.2, 1 . 6), the compound 
is called ortho ; when separated by one H (1 . 3, 1 . 5), meta ; 
when separated by two H's (1 . 4) para. In writing the 
formulas^ the names are expressed by small letters : 

o CgH^Clg, Orthodichlorbenzene, 

mCeH^(N02)2, Metadinitrobenzene, 
p C g H4 CINO 2 , Parachlomitrobenzene. 

The tri-siibstitutions of benzene are named in the same 
manner : 

op CeHgClg is CeHgClj 1.2.4. 

There are also three tri-substitutions of benzene when the 
three entering atoms, or atomic groups, are the same : 

CI CI CI 

HC CCl HO CCl HO OH 

HO 001 HO OH 010 001 

V \o^ V 

H 01 H 

( 1 01 ( 1 01 ( 1 01 

or : 1) O.Hj i 2 01, 2) 0,H, \ 2 01, 3) C.B., i 3 01. 

(301 (4C1 (501 

1 . 2 . 5 is the same as 1 . 2 . 4, and 1.2.6=1.2.3. 
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If the sabstitnting atoms or groups are different, the number of iso- 
mers is much greater. If two of them are different, there will be six iso- 
mers; if all three are different, there will be ten isomers. 

The number of isomers of tetra-substitutions, when all the 
atoms or groups are the same^ is the same as in the case of di-sub- 
stitutions. If the substituting elements^ or groups, differ among 
themselves, the number of isomers will be greater than in the case 
of tri-substitutions. When only one H remains unsubstituted, 
i.e, when five of the H^s are substituted by the same atoms or 
groups, only one compound is possible. If the atoms differ 
among themselves, there will be a greater number of isomers. 

If one or more H's of benzene are replaced by CH3, the 
substitution of CI, etc., can take place either in the benzene- 
nucleus, or in the methyl-group {side-chain) giving rise to a 
new form of icomerism : 

CjH^<^Qg^ , or CgHg'CHgCl. 

The striking differences between these two kinds of compounds will be 
explained later on. 

If an H of the benzene is replaced by an ethyl instead of a 
methyl, we shall have still a new form of isomerism, for the 
ethyl-benzene is isomeric with each of the three di-methyl- 
benzenes : 

^•^M2CH3> ^^J^^jspHg^ ^•^^licHj^ 



Benzene^ Benzol, CgHg. Nearly all organic bodies yield 
benzene at a red heat. It is formed, therefore, in the manufac- 
ture of illuminating gas, and is contained in the tar, from 
which it is obtained by distillation. It is also produced when 
a mixture of the first carboxyl derivative of it, benzoic acid, 
CeHg'COOH, and an alkali are submitted to dry distillation. 
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This reaction is exactly analogous to the formation of methane 
from acetic acid : 

CH "COONa + NaHO = CH^ + NagCO, 

Sooium acetate 

C,H -OOOSTa + NaHO = 0,H, + NagCO,. 

Sodiam benzoate 

Benzene (formerly also called benzine)* is a colorless liquid 
boiling at 80.5°. It is strongly refractive, and has a peculiar 
aromatic odor and taste. Its sp. gr. is 0.88. It is easily 
inflammable, burning with a strongly luminous, smoky flame. 
At 0° it solidifies to a crystalline mass, which fuses at 8°. It 
is insoluble in water, miscible with alcohol and ether, and dis- 
solves sulphur, phosphorus, iodine, fats, resins, etc. It is used 
in technology a^ the starting-out point for the production of 
aniline and the coloring matters derived from it. If chlo- 
rine is passed through benzene, addition-products are formed, 
viz.: OeH.Clj, OeH.Cl^, and finally, C.H.CU, 

The double bindings are successively dissolved : 

HCl 

Y. 



A= °>f y§ 



H 

HO OH 

H 

Benzene 




Benzene hexachloride 



If molybdenum pentachloride or iodine is added to the ben- 
zene, the chlorine substitution-products are formed. In the 



* The term " benzine '* is now used to designate the distillates of 
petroleum going over between 70°-100**, and which consist of a mixture 
of hydrocarbons of the C'EaM+a, and C»Ha» series, principally of CoHm, 
CiHia, G7H18, G7H14, etc 
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former case, chlorine tri-iodide is formed, which causes the 
substitution ; in the latter case the molybdenum chloride gives 
up a part of its chlorine to the benzene, and is regenerated by 
the chlorine, which is being continually introduced. The first 
substitution product is 

Monochlorhenzene, CgHgCl. This product is obtained when 
the action of the chlorine has not been of too great duration. 

Chlorbenzene can also be obtained by the action of phos- 
phorus chloride on the hydroxyl-derivative of benzene (phenol) : 

3 C^HJOH) + PCI3 = 3 O.H.Cl + PCOH),. 

It is a colorless liquid boiling at 132*^. Like most of the 
chlorides of the aromatic compounds, it differs from the chlo- 
rides of the fatty compounds in its chlorine being very strongly 
bound, and hence not easily substituted. Neither alcoholic 
potassa, silver salts, nor ammonia react with it. Nascent 
hydrogen converts it back into benzene. A mixture of chlor- 
benzene and methyl iodide, treated with sodium, yields methyU 
benzene: 

CeHgCl + CH3I + Nag = CgHg-CHa + NaCl + Nal. 

In the same manner chlorbenzene when digested with 
sodium gives diphenyl: * 

CeH.Cl + CeHgCl + Na^ = CeH,-CeH, + ^ NaOl. 

We shaU meet this reaction frequently. 

Diphenyl, CeHs'CsHs, or dsHio, crystallizes in colorless leaflets fus- 
ing at 70° and distilling at 254". Like benzene, it is the starting-out point 
for a vast number of derivatives. 

IHchlorbenzene, CgH4Clg. All three are known. Two of 
them, the para-compound (1 . 4) principally, and the ortho- 



*The benzene rest, CgHft", is called phenyl. 
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compound in lesser amounts, are formed by the continued 
action of chlorine on benzene in the presence of iodine. 

oCeH^CU boils at 179^ m C6H4Cla boils at ITS'* ; p C«H4Cla is solid, and 
fuses at 54'' and boils at 173^ 

Trichlorhenzene, C5H3CI3, is also known in all three mod- 
ifications. 

The orthopara (1.2.4) is formed by the continued action of chlorine 
on benzene. It fuses at 17° and boils at 213°. The second, metameta 
(1 . 3 . 5), is obtained by the decomposition of trichloraniline. It fuses at 
63° and boils at 208°. The third, orthometa (1.2. 3), fuses at 53°, and 
boils at 218°. 

Tetraclilorhenzene, CgHgCl^, is known in its three modifi- 
cations. 

1) (1 . 2 . 4 . 5) is produced by the action of chlorine on benzene. Crys- 
tals fusing at 138° and boiUng at 246°. 

2) (1 . 2 . 4 . 6) needles fusing at 51° and boiling at 246°. 

3) (1 . 2 . 3 . 4) crystals fusing at 46° and boiling at 254°. 

Fentachlorbenzene, CcHClj. Needles fusing at 85° and 
boiling at 270°. 

Perchlorhenzene, CoCle, is the final product of the action of 
chlorine on benzene. It fuses at 226° and boils at 332°. 

Monobrombenzene, CcHgBr, is formed when bromine is al- 
lowed to act on benzene for some time (14 days). It is a liquid 
boiling at 154°. 

At a higher temperature substitution-products richer in 
bromine are formed. Most of them are solid. 

All three of the dibrombenzenea^ C6H4Br3, are known. Two of them 
(1 . 2, b. p. 224°, and 1 . 3, b. p. 219°), are liquids. The third (1. 4) is 
solid, fusing at 80° and boiling at 219°. 

Tribrombenzenes, C.HsBr,. 1) 1 . 2 . 4 fuses at 44° and boils at 276°. 
2) 1 . 2 . 3 fuses at 87°. 3) 1 . 3 . 5 fuses at 119° and boils at 278°. 

Tetrdbrombenzenes, CeH2Br4. 1)1.2.3.6 fuses at 99°. 2) 1 . 2 . 4 . 5 
fuses at 140°. 
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JPeiUctbronibenzene, CeHBrs, fuses above 240**. 
Hexabrombenzene, GsBrs, fuses above 300°. 

Mono- iodohenzene, C ^ H g I, and substitution-prodncts richer in 
iodine are formed when iodine is allowed to act on benzene in 
the presence of iodic acid. CgHgl is liquid (b. p. 185°). The 
others are solid. 

ChJorbrombenzenes, CaH4ClBr, etc., are also known. 

^Nitrobenzene, CgH^'NOg, If benzene is added to fuming 
nitric acid as long as it dissolves, and the solution then 
poured into water, nitrobenzene is precipitated in the form of a 
heavy light-yellow oil. It has a pleasant odor, resembling 
that of bitter almonds. It boils at 205°, and is insoluble in 
water and soluble in alcohol and ether. It is used in perfumery 
under the name of " oil of mirbane,'* and also for the pro- 
duction of aniline. 

Reducing agents convert the nitro-group into the amido- 
group. Nitrobenzene is thereby converted into amidobenzene, 
or aniline. 

C^Hg-l^O, + 3 Hg = OeHg-NH, + 2 H,0. 

Dinitrobenzene, 0^1I^{lS02)z9 is formed, when benzene is 
added to a mixture of nitric and sulphuric acids. 

The ortho-compound fuses at US'*, the meta- at 90**, and the para- at 
172°. 

Eeducing agents convert it first into nitro-amidobenzene, or 
nitraniline, C6H4(]SrOg)NH3, and then into the di-amido- 
benzene, CgH4(NH2)2. 

Substitution products which contain chlorine, bromine, and the nitro- 
group are also known. 

Benzenesulphonic acid, CgHsSOgH, is produced by digesting 
benzene with concentrated sulphuric acid : 

CeHe + HgSO, = CeHg-SOgH + H^O. 
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It forms deliquescent ciystals containing IJ molecules of water. 
It is a monobasic acid, and forms crystalline salts with bases. 
Nitric acid nitrates it. Phosphorus pentachloride conyerts it 
into benzenesulphochloride, CgH^'SOgCl, which, by the ac- 
tion of ammonia, is converted into benzenesulphamide, 
G^K^'80^(NB.^), (f. p. 153°), by the action of zinc dust, 
into zinc benzenesulphinate, Zn(CoH5"S02)2> and by zinc 
and HCl into CgHg'SH, phenoUulphydrate, corrresponding 
to the mercaptan of the fatty series. 

As we have already seen (p. 109), the sulphur in sulphonic acids is 
bound directly to the carbon. Hence the reduction takes place in a man- 
ner analogous to that of the nitro-compounds : 

CeHrNOa is reduced to CeHrNHa 

On heating benzene with fuming sulphuric acid, there is 
formed, 

Benzene-dia.ulphonic Acid, 0^11^(80311)2. It is a dibasic 
acid. The three modifications are known. 

Benzenetriaulphonic (icid has also been obtained. 

By heating benzene with sulphuric anhydride, we obtain 
Sulphobenzide, CgHg'SOg'CeHg, which fuses at 128°. It 

is no longer an acid, as both of the hydroxyls of the sulphuric 

acid are replaced by the group C^Hg. 

Phenol, Carbolic Acid, Hydroxylbenzene, CgHgJ^OH. Phenol 
is the chief constituent of heavy coal-tar, and ifi[ produced on 
a large scale. It crystallizes in long colorless needles fusing at 
42"^ and boiling at 182°. It possesses an unpleasant and cling- 
ing odor, and a burning caustic tafite. Its sp. gr. ^ 1.065. It 
gradually turns red on exposure to the air. A small amount 
of water prevents it from crystallizing. It is soluble in 15 
parts of water. It is very poisonous, coagulates albumen, and 
produces blisters on the skin. Solutions of ferric salts are 
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colored intensely yiolet by it. A slip of pine-wood moistened 
with chlorhydric acid, and then dipped in phenol and exposed to 
the sunlight, becomes blue. Bromine produces, even in dilute 
solutions, a white precipitate of tribromphenol. It is used in 
medicine, and as a disinfecting and antiseptic agent, and also 
in the production of numerous colors. 

The hydroxyl-derivatives of the benzene series are called 
phenols, as they differ considerably from the alcohols of the 
fat series, although they are really a class of tertiary alcohols. 
They possess quite strong acid properties, and unite easily 
with metals to form species of salts. Phenol dissolves in 
sodium hydroxide solution, forming sodium phenoxide or 
phenylate, C^HgONa. It dissolves lead oxide, producing 
lead phenoxide, (C ^ H 5 0) g Pb. If 01, Br, I, or NO g , is present 
besides the OH, the resulting compounds have completely acid 
properties and act as true acids. 

By treating phenols with phosphorus chloride, or bromide, 
the OH is replaced by CI, Br, etc. 

They are not oxidized to aldehydes, ketones, or acids, since 
outside of the OH there is no hydrogen united to the carbon 
atom (tertiary alcohols). 

They unite with acid rests, forming compounds which corre- 
spond to the esters. On heating with zinc dust, the phenols 
are converted back into hydrocarbons by inverse substitution: 

CeHgOH + Zn = G^B.^ + ZnO. 

Phenol can be produced from benzene in two ways. 1) By converting 
the benzene int(f benzenesulphonic acid, CeHe'SOaH, and fusing this with 
potassium hyditoxide : 

CcHft'SOaH + 2 KOH = CeHsCOH) + KaSO, + H,0. 

2) By converting the benzene into nitrobenzene, reducing this to amido- 
benzene, CeHft'NHa, and the amidobenzene into the so-called diazoben- 
zene, which is decomposed by water into phenol. 

The hydrogen atoms of phenol can be substituted in the 
same manner as those of benzene. 
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There are obtained by the action of chlorine : 

Monochlorphenol, C«H4C10H (1 . 2, b. p. 176'' ; 1 . 3, b. p. 214'' ; 1 . 4, b. 
p. 217*'). 

DicMorphenol, CHsClaOH (1 . 2 . 4, f. p. 43% b. p. 214"). 

Trichlorphenoly CeHaCUOH (f. p. 68% b. p. 244"). 

By leading chlorine through phenol in the presence of iodine, i.e. by 
the action of iodine chloride, we obtain perMorphenol, CeCUOH, fusing 
at 187% 

Bromine and iodine act in a similar manner. 

By the action of nitric acid, nitro-derivatiyes are obtained 
from phenol up to the third substitution : 

CgH4(N0g)0H, Mononitrophenoly all three modifications 
are known. 

8 H 3 (NO 2)2 OH, Dinitrophenol, four modifications are 
known. 

6 112(^02)3011, Trinitrophenol, two modifications are 
known. 

Nitrophenols, C6H4(NOa)OH. 1 . 2, yellow prisms fusing at 45° and 
boiling at 214". 1 . 3, colorless crystals fusing at 96". 1 . 4, colorless 
needles fusing at 115". 

Dinitrophenols, CflH3(N09)20H : a, leaflets fusing at 114" ; /5, needles 
fusing at 64" ; y, bright yellow needles fusing at 104"; d, colorless prisms 
fusing at 141". 

Trinitrophenol, Picric Acid, CeH2(N02)30H. (1.2.4. 6).* 
Picric acid is formed by the action of nitric acid on various 
organic compounds (indigo, Peruyian balsam, silk, wool, etc.), 
most easily, howeyer, from phenol. It crystallizes in light 
yellow, glittering, odorless leaflets, which taste intensely bit- 
ter. They are soluble in water, fuse at 122°, and explode on 
rapid heating. Weak reducing agents (ammonium sulphide) 
convert it into diiiitroamidophenoly or picramic acid, stronger 



♦Substitution-derivatives of benzene and its analogues are termed 
sr/mmetrical when the intervals between the substituting elements or groups 
' are equal. The following derivatives are symmetrical : 1 . 4 ; 1 . 3 . 5 ; 
2 . 4 . 6, etc. 

14 
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reducing agents (tin and chlorhydric acid), into triamtdophe- 
iwl, or picramiJie. 

Potassium picrate, CgHg(]Sr02)30K, crystallizes in yeUow 
needles, which explode violently by heating or percussion. 

Picric acid is used as a yellow dye for silk and wooL 

When heated with potassium cyanide, picric acid gires a deep yiolet-red 
liquid, which contains the potassium salt of tsopurpurieaeid, CsHsNaOe : 

CH^OOsOH + 3 KCN + 3H,0 = ChH^KN.O. +C0, + NH, + 2 KHO. 
Picric acid Potaseinm 

isoparpnrate 

Isopieric acid, C6H3(NOs)30H, (1 . 3 . 4 . 5) is formed by the action of 
fuming nitric acid on m-nitrophenol. Bright .yellow prisms fusing at 
170^ 

There are also derivatives of phenol which contain chlorine, 
bromine, or iodine and the nitro-group, e. g., 

Monochlornitrophenol, C <, H 3 Cl(KrO 2 ) (OH). 

Phenolmethyl Ether, Aniso'il, C,H5"0"CH3, is formed by 
the action of methyl iodide on potassium phenoxide : 

C,H,OK + CH3I = OeH«0-CH3 + KI, 

or by the distillation of potassium phenoxide with potassium 
methylsulphate : 

CeHgOK + CH3"KS04 = C,H50"CH3 + Kj^SO^. 

Both of the reactions are analogous to those of the formation 
of the ethers of the fat-compounds. 

It is a colorless liquid with a pleasant odor, boiling at 152°, 
and insoluble in water. The benzene nucleus is chlorinated, 
etc., by the action of chlorine, bromine, or iodine. Nitric 
acid nitrates it. Mono-, di-, and tribromanisoil, and mono-, 
di-, and trinitroanisoil are known. 

PhenyUthyl Ether , PAewe/o'^Z, CgHg'O'C ^H 5, is produced 
in an analogous manner. It boils at 172°. 

Phenyl Ether, CgH^'O'CgHg, is formed by the dry dis- 
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tiUation of copper benzoate. It is a solid mass with a pleas- 
ant odor, fusing at 28° and boiling at 246°. 

^ Phenol-sulphonic Acid, CgH4(0H)S03H, is formed in two 
modifications (1 . 2 and 1 . 4) by mixing phenol with concen- 
trated sulphuric acid. Both are monobasic acids and yield 
finely crystallizable salts. 

One of the principal salts is the zinc phenolsulphonate : 

(C«H6S04)aZn + 7 HaO, 

which is obtained hj dissolving zinc oxide in the acid. It crystallizes in 
colorless rhombic columns, easily soluble in water and alcohol. It is used 
as a caustic and disinfectant. 

If phenol is heated with fuming sulphuric acid, phenol- 
disulphonic acid, OgH3(OH)(S03H)2, is produced. It is a 
dibasic acid. 

If the action takes place under pressure, phenolrtrisulphonic 
acid, CqH2(OH)(S03H)3, is obtained. It is a tribasic acid. 

By digesting phenol with phosphorus pentasulphide, we 
obtain 

Phenylsulphydrate, Phsnyl Mercaptan, CeH^'SH : 

5 CeHrOH + PgSg = 5 CeH^-SH + P.Og. 

It is a colorless oil with a repulsive odor, boiling at 166°, 
and insoluble in water. It can also be obtained by the reduc- 
tion of benzenesulphonic acid. It is oxidized by the oxygen 
of the air mio phenyl disulphide, {G^'K^)^^^. 

2 OeH,(SH) + = (C,H,),S, + H,0. 

Fhenylsulphide, {GqIL^)2S, is also known. 

The analogous bodies of the fat-series have already been mentioned : 

Ethyl mercaptan, CaHs'SH, 
Ethyl sulphide, CaHrS'CaHs, 
Ethyl disulphide, CaHrS'S'CaHft, 
Phenyl sulphydrate, CeHs'SH 
Phenyl sulphide, C«H»-S-C.H6, 
Phenyl disulphide, C«HrS-S-CeH,. 
(See p. 103.). 
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All three of the hydroxyl derivatives of benzene are 
known. They are called catechol, resorcinol and quinol. 

CatecJiol, Pyrocatechin, G^11^{0IL)2 (ortho-compound), is 
produced by heating catechu rapidly. It forms quadratic 
columns fusing at 104°, and boiling at 245°. Ferric chloride 
colors its aqueous solution green. 

A monomethyl-ether oif catechol, guaiacol, C6H4(OH)(OCH3), is formed 
by the dry distillation of guaiacum resin, and exists in beech-wood tar. 
It is a colorless liquid boiling at 200*". 

Resorcinol, Resorcin, C^ £[4(011)2 (meta-componnd), is ob- 
tained by fusing galbanum-resin with potassium hydroxide. 
It crystallizes in tablets fusing at 118° and boiling at 276.5°. 
It turns red on exposure to the air. Ferric chloride solution 
colors it deep violet. 

Kesorcinol yields a trinitro-derivative, which stands in the 
same relation to resorcinol as picric acid to phenol. 

Trinitroresorcinol, Styphnic Acid, C^jH(N0g)3(0H)2. It 
is produced by the nitrition of resorcinol, and also by the 
action of cold nitric acid on numerous resins (galbanum, gum- 
ammoniac, etc.). It crystallizes' in yellow prisms fusing at 
176° and exploding by rapid heating. It is difficultly soluble 
in water, and behaves like a strong dibasic acid. It is used as 
a yellow dye. 

Quinol, Hydroquinone, G^'R^{0^)2 (para-compoimd). It is 
made by leading sulphurous acid through quinone, CgH40g : 



C,H,0, + H, = C,H,0, = C,H,(OH) 



«• 



Rhombic columns soluble in water. It fuses at 169° and 
sublimes by careful heating. It is converted into quinone by 
the oxygen of the air and by all oxidizing agents. 

Quinone^ CoHiOa. The two following formulas have been proposed 
for quinone : 
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/CH=CH\ ^CH'CHv 

C^O 0=^C and Cf-0 0-%C. 

\CH=CH/ \cH=CH/ 

In the former case they would be double ketones. 

Quinone is formed by the oxidation of quinol and all 
bodies which contain quinol. It is made by the oxidation 
of aijiline with chromic acid. It forms golden-yellow crystals 
fusing at 116°, and possessing a piercing odor which irri- 
tates the eyes, and causes weeping. It is slightly soluble 
in cold water, easily in hot, and is yolatile with steam. It is 
poisonous, and colors the skin brown. Oxidizing agents de- 
compose it entirely forming oxalic acid. Beducing agents 
convert it into quinol. 

Chlorine converts it into chlorinated quinones. The following are 
known : 

Monochlorquinone, CoHaClOa, 
Dichlorquinone, CftHaClaOa, 
Trichlorquinone, CaHClsOa, 
Tetrachlorquinone, CeCUOa. 

Tetrachlorqutnone, or Chloranile, C5CI4O2, is formed by 
the action of KCIO3, on various aromatic compounds. It is 
usually made from phenol. It forms yellow scales soluble in 
water, difficultly soluble in alcohol, and which fuse at a high 
temperature. Sulphurous acid converts all chlorinated qui- 
nones into chlorinated quinols. 

Two atoms of chlorine in chloranile can be replaced by hydroxyls and 
amido-groups. 

Chloranilic acid, CBCla(OH)aOa, or CeHaCl204, is formed when chlor- 
anile is warmed with potassa. 

C«Cl40a + 2 KOH = C«Cla(OH)aOa + 2 KCl. 

It forms red crystals, and is dibasic. 

Chloranilamide, CeCl2(NHa)aO, or C6H4ClaNa02, is formed by the 
action of alcoholic ammonia on chloranile : 

CChOa 4- 4 NHa = C6Cla(NHa)aOa + 2 NH4CI. 
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Beddish-brown needles which yield ammoDia and chlanmilic add 
when treated with potassa. 

Bromine snbstitutions of qoinone hare also been obtained. They 
resemble the ehIorinat<^ qninones. 

Qninone unites with qoinol to form an intermediate prodnct known 
as green hydroquinone or quinhydrol : 

C.H4O, + C.H,0, 

It forms glittering needles which can be conyerted into either quinone or 
qninc^ 

Only two of the three possible trihydroxyl derivatives of 
benzene are known^ viz.^ pyrogallic acid and phloroglucinoL 

PyrogalUc Acid, or Fyrogallol, G^^^{OH.)^, or C^H^Og, 
(1.2. 4), is formed by heating gallic acid : 



C.H,(0H)3-C00H = C,H3(OH)3 + CO 



2* 



It forms white glittering leaflets with a bitter taste^ fusing at 
115°. It has no true acid properties, although it unites with 
metals to form a species of salts. It is a trihydric tertiary 
alcohol. It is easily soluble in water, and its aqueous solution 
absorbs oxygen from the air with avidity, especially when an 
alkali is present. It acts, therefore, strongly reducing. The 
final products which are formed from it by the assumption of 
oxygen, are oxalic and acetic acids. It colors ferrous salts 
dark blue, and ferric salts red. On heating with zinc dust, 
it is converted into benzene : 

CeH3(OH)3 + 3 Zn = O^K^ + 3 ZnO. 

A solution of pyrogallol containing potassium hydroxide is used in 
gas analysis to remove oxygen from mixtures of gases (eudiometric analy- 
sis). Pyrogallol is also used in photography. 

FAloroglucinoly or Phlorgluctn, OgH3(OH)3, orCgH^Oj, is 
obtained by the decomposition of complicated bodies. It 
forms large colorless crystals with a sweet taste, which con- 
tain two molecules of water. It fuses at 220"^ and reduces 
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alkaline cnpric solutions like dextrode. A bromine and nitro- 
derivative of it are known. 

" There are no further hydroxyl substitutions of benzene 
known. 

Among the amido-derivatives of benzene, amidobenzene is 
the most important, partly because an enormous number of 
compounds are derived from it, and partly because it serves 
as the starting-out point for the production of a series of dyes 
which are commercially very important. 

Amidobenzene^ Aniline, CgHg'NHg, or C^H^N. Like all 
amido-derivatives of the aromatic series, aniline is formed by 
the reduction of a corresponding nitro-compound. The re- 
ducing agents which are generally used for the reduction of 
nitro-compounds, and nitro-benzene in particular, are : 1). 
Alcoholic ammonium sulphide, in which the hydrogen sul- 
phide is the reducing agent, and sulphur is set free. 2). 
Zinc and chlorhydric acid. 3). Tin and chlorhydric acid. 
4). Iron filings and acetic acid. 5). And, finally, zinc dust 
and water. The last four act by setting free hydrogen. 

Aniline is formed also by the dry distillation of many aro- 
matic compounds (indigo) and also by the ignition of bones 
and coal (it exists in coal tar). Aniline is made commercially 
by the reduction of nitrobenzene with iron filings and acetic 
acid, or zinc dust and water : 

Aniline cannot be obtained by the digestion of chlorbenzene with alco- 
holic ammonia, as ethylamine is formed from ethyl chloride. 

Aniline is a liglff- yellow strongly refractive liquid with a 
peculiar odor. It is somewhat heavier than water (sp. gr. 
1.02) and boils at 185°. On long standing it becomes colored 
brown by the action of the air and light. 

The minutest trace of aniline can be detected by the deep 
violet color which is produced when it is brought into contact 



216 ABOMATIC COMPOUNDS. 

with calcium hypochlorite (chloride of lime). The color 
passes quickly into a dirty red. 

The aniline colors will be mentioned later on. 

Aniline has basic properties and unites with acids to form 
salts^ of wjiich the hydrochloride, oxalate and nitrate are the 
most important, e. g., C^Hg'NHg.HCl. It unites also with 
many salts to form peculiar double compounds, viz. : 

ZnCl2.2CeH,K 

Aniline yields three kinds of derivatives depending on 
whether the substitution takes place in the hydrogen of the 
benzene nucleus, the hydrogen of the amido-group, or in 
both. 

Chlorine, bromine and iodine form chlor-, brom-, and iodo- 
anilines, concentrated sulphuric acid gives a sulphonic acid, 
and nitric acid a nitro-derivative. All of these substitutions 
take place in the benzene nucleus. 

The chlorine, etc., derivatives of the fatty compounds pro- 
duce derivatives of aniline in which the substitution occurs in 
the amido-group. 

If aniline is digested with methyl iodide, ethyl iodide, etc., 
we obtain methylaniline, dimethylaniline, ethylaniline, di- 
ethylaniline (secondary and tertiary anilines). 

C^Hg-NHg + CH3I = C6H6"NH(CH3).HL 
C«HrNH(CH3) + CH3I = OeH,-N(CH3),.HL 

The ammonium compounds are also known, viz. : 
C,H5-N(CH3)3l and CeHrii(CH3)30H. 

As the alcohols react on aniline hydrochloride at an elevated tempera- 
ture, they may be used instead of the iodides to produce the methylated, 
etc., anilines. 

C.Hs'NH, . HCl + CHsOH = CeHsNHCCH,) . HCl + HaO 
C.H5-NHa . HCl + 2 CH3OH = C«H5N(CHs)a . HCl + 2 H^O. 
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The anilines in which one or both of the amido-hydrogen 
atoms are replaced by hydrocarbon rests, are liquids resembling 
aniline, and, as they possess basic properties, form crystalline 
sails with acids. 

If the secondary and tertiary anilines are heated for some 
time in closed vessels at 300°, they are converted into primary 
bases by atomic migration, the methyl of the amido-group ex- 
changing with a hydrogen atom of the benzene nucleus : 

C.H.NHCH, - gives 0,H,(CH,)NH,. 

Methylaniline Tolnidlne 

O.H.NCCH,), gives C,H3(0H,),NH,. 

I>imethylani]ine Xylidine 

In this manner all the hydrogen atoms in aniline have been suooes- 
sively replaced by hydrocarbon rests. 

In the same manner that both H's of the amido-group of aniline can 
be successively replaced by mono-valent hydrocarbon rests, the substitu- 
tions can be effected by di-valent hydrocarbon rests. In this cage, how- 
ever, the divalent rest may replace one H in two molecules of the amide, 
or two H's in one molecule. 

!&i:=^!>«H/or ^^;:^^:2J; Eth,lenediphen,ldiamine, 

rr H ^ ) CHrN(CflH»)"CHa ^. ^^ , ,. ^ ,^. . 

/r^*S x' S- Na or I I Di-ethylenediphenyldiamine, and 

(C2H4).f CH,-N(C«mrCH, 



CHrNcCoHO'CH, 



C«H6"N=(CaH4) or Y >N"CbH5 Ethylenephenylamine. 



In the first case two H's in two aniline molecules are replaced by one 
ethylene, in the second case, fourH's in two aniline molecules are re- 
placed by two ethylenes, in the third case, two H's in one mole<!ule of 
aniline are replaced by one ethylene. They are all formed by the action 
of ethylene bromide on aniline. 

The group CH3"CH=, ethylidene, which is isomeric with ethylene 
GHa^CHa, can also be introduced into aniline, producing : 

CaH'tNa or CH,-CH/^]^I^jg| EthyMenediphenyldiamine. 
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i&HifN, or CH.-CH<N[C;H.)>CH-CH. 

Di-ethjlidene-diphenyldiamine. They are formed by the action of 
aldehyde on aniline. The isomerism between these two series is clearly 
shown by the constitutional formolas. In the ethylene compound, both 
of the two carbon atoms of the ethylene are united to N, while in the 
other series, only one carbon atom is in combination with the N. 

Tri-valent hydrocarbon rests can also be introduced into aniline, as for 
instance, CHE, which may be introduced into aniline by the action of 
chloroform. We haye, for example : 

eft \ 

(C.H»), VN, or CH<^2^*^H5 Methenyldiphenyldiamine, 
also 
(C.H5)1[n, or CHrC<^^»^^^ Ethenyldiphenyldiamine, etc. 

As these bodies contain one or more aniline rests, they are capable of 
combining with one or more molecules of acid to form salts. 

The amido-hydrogen of aniline can also be substituted by 
acid rests forming bodies called anilides. 

FormaniUde, OjH5"NH(CHO). CHO is the mono-valent 
rest of formic acid. The compound is produced by heating 
aniline oxalate : 

(OeH,NH,),C,H,0, = CeH,NH(CHO) + C^H^NH, 

+COg + HgO. 

Acetanilide, G^B.^^'N'Bi^G^^sO), is formed by the action 
of acetyl chloride on aniline, or by boiling aniline with glacial 
acetic acid, or acetic anhydride. It fuses at 112° and boils at 
295°. 

The substitution of an acid rest may also be effected by the 
di-valent acid rest of a di-basic acid, e.g. the rest of the hypo- 
thetical carbonic acid, 



00/q2 by the rest Co/ 
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S«S»SI[\C0 Carbanilide 

6 6 / 

• 4ttt \C0 Carhanilamide. 

Both of the compounds are ureas in which one or two H's 
are replaced by the benzene rest. We haye already seen 
(p. 51) that one or more hydrogen atoms in urea may be 
replaced by hydrocarbon rests : 



C0/^g^«^« Ethylurea 
C0<SiSc:2;! I>i-ethylurea. 



Hence : 



CO<(^-x^tt' ® *^ Carbanilamide is Phenylurea 

CO<^-KTTT>p®TT*< Carbanilide is Diphenylurea. 

Corresponding to these compounds, there are sulphur com- 
pounds, which are derived from the hypothetical sulphocar- 
bonic acid, 

os<|| 

by the replacement of the SH by NHC^Hg, the aniline-rest. 
They may also be considered as derived from thiurea, 

CS^-»^TT*, by the substitution of hydrogen: 

IT "N^H\ 

C H^NH/^^^ /SwZp^ocar^fl»t7iJ^, Diphenylthiurea^ 

pHT x^^' /SMZ^AocrtrJantVamW^, Phenylthiurea. 

Also those in which both of the atoms of amido-hydrogen 
in one molecule of aniline are replaced by one di-valent rest : 
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C,H,'N=CO, Carbanile, 
C^H,"X-CS, iSulphocarhanUe. 

lliMe two bodies are the cyanic ethers, and the miistaidHRl of pheoyl: 

CO=N'CH„ Methyl cyaftate, 
CO^N'CU*, Phenyl cyanate, 
GS=X'Cn„ Methyl-miistard-oil, 
CS=N'C«U», Phenyl-mostaEd-oiL 

A mono-yalent rest of a diba£ic acid can also snbstitate an 
atom of the amido-hydrogen : 

Co/Jg^^*^*)' Oarbanilic acid. 

We shall have occaciion to study many other anilides. They 
are all formed either by heating the corresponding miiline 
salty or by elimination of the elements of water^ or hydrogen 
sulphide : 

CeH,NIL.C,H^O = C,H,NH"(C^H30) + H,0. 

Aoiline acetate Acetamiide 

The anilides arc converted back into the aniline salts by 
taking up the elements of water. Several of them are produced 
by particular methods which will be mentioned when we come 
to consider the compounds individually. 

Carbanilide {Diphenylurea), c*H*"Nh)^^^' ^^' P- ^^^°)' 

6 / 

C H "NH\ 
and Carbanilamide {Monophenylurea), • *-^jt yCO, (f. 

p. 144°), are formed when aniline is heated with urea : 

C.H^NII, + NH^^^O = ^'\h^CO + ^^3' 
or when potassium cyanate is boiled with aniline sulphate : 
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3 KCON+ (C,H,-NHg)rHsSO^ = 2 CO<(^i'^«^» 
2 KCON + a [(C.HrNHJ.-HeSO J = 2 Oo/ Jglg'g* 



+ k:,so4 + (nhj,so,. 



The substituted ureas are formed according to this latter reaction in 
the same manner as urea itself. As we have seen (p. 49), urea is formed 
by boiling potassium cyanate with ammonium sulphate. If aniline sul- 
phate, i.e. phenylated ammonium sulphate is subgtituted for the am- 
monium sulphate, a phenylated urea is produced. 

Both are solid compounds crystallizing in needles. 

Carbanile {Phenyl cyanate, or Phenylcyanic Ether), 

CO'N'CgHg, is formed from phenyl-mustard-oil. It is a 

liquid boiling at 163°, and possessing a powerful odor. 

C H "NHX 
Sulphocarianilide, n^H;^-;^jTj/^^' ^® produced by the 

digestion of aniline with carbon disulphide : 

It crystallizes in leaflets fusing at 144°. On digestion with 
mercuric oxide, it exchanges its sulphur for oxygen, forming 
carbanilide. It yields sulphocarbanile when heated with con- 
centrated chlorhydric acid : 

o'h^NH^^^® = C,H,NCS + 0,H,NH,. 

By digestion with ammonia and litharge, the sulphur of the sulpho- 
carbanilide is replaced by the KH-group, forming a substituted guanidine: 

^•^*^^\C(NH), Diphenylguanidine. 

If, however, sulphocarbanilide is digested with aniline (substituted 
ammonia) and litharge, the sulphur is replaced by the di-valent-group, 
C.H»N : 

^•|[*^gNc(NC«H6), Triphenylguanidine. 
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Sulphocarbanile, Phenyl-mustard'Oih CgHg^N'CS, is a 
colorless liquid with an odor resembling that of mustard-oil. It 
boils at 222°^ and its reactions are analogous to those of the 
other mustard-oils. 

In the same manner, anilides have been obtained containing 
the rests of oxalic, succinic, malic, tartaric, and other acids. 

The amido-hydrogen of aniline can also be replaced by the 
benzene rest. Thus by heating aniline with aniline hydro- 
chloride, we obtain : 

CgHgv 

CgHg^N Diphenylamine, 

which fuses at 54° and boils at 310°. It possesses basic prop- 
erties, and unites with acids to form salts. The triphenyla- 
mine {Oq'K^)^'^, fusing at 127°, is also known. 

The hydrogen of the benzene nucleus in aniline can, of 
course, be easily substituted by any element, or atomic-group, 
which substitutes the hydrogen of benzene. A number of 
isomers are met with here, depending on whether the substi- 
tuting atom, or group, is separated from the NHg -group by 
one or two hydrogen atoms. 

There are known, for instance, chlor-, brom-, iodo-, and nitranilines, 
aniline-sulphonic acid, di- and trichlor-, brom-, etC;, anilines. Most of 
them exist in numerous modifications. 

The amido-hydrogen of the substituted anilides can also be 
substituted, viz., chloracetanilide, etc. 

If two hydrogen atoms of benzene be substituted by 
amido-groups, three isomeric compounds are formed. They 
are called 

Di-amidobenzenes, or Phenylenediamine, G^VL^iJSH^)^. 
They are all known. They possess basic properties, and unite 
with two molecules of a monobasic acid, or one molecule of a 
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dibasic acid^ to form salts. As in aniline, both the amido- 
hydrogeu and the hydrogen of benzene-nucleas may be sub- 
stituted. 

a) 1.2, fuses at 102"* and boils at 252°;/?) 1.3, fuses at 63' and boils 
at 287° ;r) 1 • 4, fuses at 147° and boils at 267°. 

The ortho-diamido derivatives of the hydrocarbons, on heating with 
organic acids, eliminate water, forming amidinea, whQe with aldehydes 
they yield aldehydines, viz. : 

C.H4(NHa)a + CH3-COOH = C6H4/jJgSc-CH3, Ethylen^hmylr 

enamidine. 

C«H4(NH0a + CH3-CHO = C.H4/^CH-CH3)2. Phmylmaldehydine. 

Triamidobenzene, CflUsCKHa^s, is obtained by the reduction of dinitran- 
iline. It fuses at 103° and boils at 83°. 

Between nitrobenzene and amidobenzene, stands a series of 
bodies which are formed either by the partial reduction of 
nitrobenzene or by the oxidation of amidobenzene. 

Starting out from nitrobenzene we have 



{ 



^'S'^^* mtrohmzene, 
CjHjNOg 

I >0 Azoxyoenzene, 



0,Hg-N 



II Azobenzene, 



Hydrazohenzene, 



0,H,-N 

P TT "NTT 

^c^6__;^l^ Amidohenzeney Aniline^ 



These intermediate compounds are called Azo-compounds.^ 



* Nitrogen was called azote by Lavoisier. From this word, the prefix 
**azo" is derived. 
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The azo-componnds contain two benzene rests united to a 
pair of linked nitrogen atoms. 

Azoxybenzene, -tIt x^> ^^ CigHj^^NgO, is formed by 

boiling nitrobenzene with alcoholic potassa. It crystallizes in 
yellow, glittering needles^ fusing at 36°. Nitric acid converts 
it into nitro-compounds, which by reduction yield azobenzene 
and hydrazobenzene. 

Azobenzene, G^B.^"S~'S~G^B.^, orOigH^^Ng, is produced 
by the distillation of nitrobenzene with alcoholic potassa. It 
crystallizes in large yellowish leaflets, fusing at 66°. With 
nitric acid it forms nitro-derivatives. 

Hydrazobenzene, CjHg'NH'NH'CgHg, or C^^^^z^zf is 
formed by the action of ammonium sulphide on azobenzene. 
It crystallizes in colorless tablets fusing at 131°. Oxidizing 
agents convert it back into azobenzene, reducing agents trans- 
form it into aniline. Acids convert it at once into an isomeric 

C H ~NTT 
compound, benzidine, i * *_ ^, which is also obtained from 

CgH^ NHg 

C H "NO 

dinitrodiphenyl, i * *_ ^9 ^J reduction with ammonium 

sulphide. It crystallizes in glittering, silvery leaflets, which 
fuse at 118°, and have strong basic properties. 

There is a large class of bodies whose constitution is simi- 
lar to that of azobenzene, and in which the benzene rest, 
CgHg, is united to a pair of doubly-bound nitrogen atoms, 
C g H 5 "N-N". They are called diazo-compounds, Azobenzene 
may be considered as a particular case in this class of com- 
pounds, in which the free bond of the nitrogen is satisfied by 
a benzene rest. 

If nitrous acid is passed into an alcoholic solution of aniline^ 
diazobenzene-anilide, or diazo-amido-benzene, 

CeH5-N=K-NH-CgH„ 
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is formed at first. By continued action, or by the use of 
aniline nitrate, diazobenzene nitrate is produced : 

CeHsN=N-N03, 

2 OeHgNHg + HNO^ = C6H6-N=N-NHCeH5 + 2 H^O 

CeHgNHjj . HNO3 + HNOg = CeH5"N=N-N03 + 2 H^O. 

We see, therefore, that by the action of nitrous acid both of 
the atoms of amido-hydrogen in aniline are replaced by an atom 
of nitrogen, the third bond of which remains free. 

The substituted anilines, such as chloraniline, etc., also 
form diazo-compounds with nitrous acid. 

The diazo-compounds are unstable, exploding violently on 
heating, or by percussion. On heating with water, nitrogen 
is eliminated and a phenol is produced : 

CeHgNrNOa + H^O = CeHgOHH- N^ +HNO3. 

On boiling with absolute alcohol, both of the nitrogen atoms 
are replaced by hydrogen : 

C.H.N.-NOa + C.H.OH = C,H, +N, + C,H,0 

+ HNO3, 

Or by boiling with chlor-, brom-, or iodohydric acids, both of 
the hydrogen atoms are replaced by an atom of chlorine, bro- 
mine, or iodine : 

OeHgNrNOa + HCl = CeHgCl + HNO3 + N^. 

By means of the diazo-compoands, therefore, the nitro-group can easily 
be replaced by hydroxyl, chlorine, bromine, etc. 

The conversion of aniline (and all aromatic amides) into diazo- 
compounds, and the easy decomposition of the latter, attended by evolu- 
tion of nitrogen, is a phenomenon' which we have already seen to be 
characteristic of ammonia. In the case of ammonia, however, both of 
these reactions take place at once. Ammonium nitrite {i,e,, ammonia 4 
nitrous acid) breaks on heating into nitrogen and water : 

NH3 + HNOa = Na + 2 H2O. 

Compare also the action of nitrous acid on amines (p. 46). 
15 
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V 

On heating with alkalis, it takes np the elements of water, 
and is conyerted into carboxylbenzene (benzoic acid) and 
ammonia : 

CeH,"CN + 2 H,0 = CeHj-COOH + NH3. 

It is a colorless liquid with the odor of bitter almonds, boil- 
ing at 191. Nitric acid nitrates it. 

Isocyanhenzene, C^Hg'NC, is obtained by digesting aniline 
with chloroform and potassium hydroxide : 

OeHj"NHj + CHCI3 + KOH = CeH^-NC + KCl + H^O 

+ 2 HCl. 

The action of the potassa is only to accelerate the reaction. 
Acids decompose it into aniline and formic acid with the addi- 
tion of the elements of water ; 

CeH^'NC + 2 HgO = CcHg"NHg + CH2O2. 

It is a colorless liquid with a highly offensive odor, boiling 
at 160° with partial decomposition. (Compare p. 106.) 

By the action of PC1» on benzene at a high temperature, HCl is elimi- 
nated, and the compound, CtSii~l^CUypho8phenyl chloride, is formed. It 
is oxidized by water to phenyUhypo^hoaphorous acid, C6H5P(0H)2. It 
unites directly with chlorine to form phoapJ^enyl'ietrachloride, CeHsTCl*, 
which is decomposed by a small amount of water into pJienyl-oxychloride, 
CeHsTOClj, and by an excess of water into phenylphosphinic acid 
CeHs'POCOHa). Phenylphosphinic acid corresponds to methylphosphinic, 
acid (p. d8), and phosphenyl chloride to methylphosphine, except that 
the hydrogen of the latter is replaced by chlorine. 

Phenylphoaphine, CaHa'PHa, is obtained by the action of iodohydric 
acid gas on phosphenyl chloride. 

Among the metallo-derivatiyes of benzene, mercury-phenyly 
'Kg{O^Tl^)^y is worthy of notice. It ip produced by the action 
of sodium amalgam on brombenzene. It fuses at 120°, and its 
mercury atom is easily replaced by other groups. 
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powers than the preceding, is obtained hj diazotizing the amido-group of 
amido-azobenzene, and carr3ring out, with the substance thus produced, 
reactions similar to those just mentioned : 

C«H5"N=N-C«H4(NH2) + HNO, + HCl 
Amido-azobenzene 

= C.H5-N=N-C6H4"N=N-C1 + 2 H,0, 

Diazoazo-benzene chloride 

From the chloride and y^-naphthol-disulphonic acid, the scarlet, 

C.H5"N=N-CaH4-N=N-CioH4(OHXHSO,),, 

is obtained. 

« 

In the same manner that the amido-derivatives are produced 
from nitrated benzenes by reduction, the nitrated phenols can 
be conyerted into the corresponding amido-compounds. 

Mononitrophenol, CjH4(N02)0H, into 

Amidophenol, CeH4(N'H2)0H, 
Dinitrophenol, CeH3(N02)20H, into 

Amidonitrophenol, CeH3(N08)(NH2)OH, and 

Diamidophenol, CeH3(NH2)gOH, 
Trinitrophenol, CeH2(N02)30H, into 

Dinitroamidophenol, CeH2(N08)8(NHg)OH, 

Triamidophenol, 0j,H2(]SrH2)3OH. 

Corresponding to the two cyanides which exist in the fat- 
series, and which depend on the existence of the two isomeric 
cyan-groups, "C=N and "NiC, there are two cyan-derivatives 
of benzene, cyanhemenSy or henzonitrile, C^Hg'CN, and 
isocyanhenzeney C^jHj'NC. Oyanbenzene is produced by the 
distillation of benzamide (see p. 242) with phosphoric anhy- 
dride, and is hence called henzonitrile : 

CeHj-CO'NHg r= OeHj-CN + HgO. 

It is also formed hj heating benzoic acid with potassium sulphocyanate: 

1) C.H5-COOH + KSCN = CeHs'COOK + HSCN, 

Benzoic acid Potassium Potassium: Sulphocyanic 

sulpliocyanate benzoate acid 

2) CHfi-COOH + HSCN = C«HrCN + HaS + CO,. 

Bcnzonitrile 
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instance by hydroxy!, when potassiam hydroxide^ or sQyer 
oxide, acts on it, or by the amido-groap when treated with 
ammonia. U an atom of hydrogen in the benzene nncleos is 
rephiced by hydroxy!, a phenol, C^H^(0H)~CH3, is pro- 
duced, whi!e, if the rep!acement ta!ces place in the methyl- 
group, an alcohol is formed, C^H5"CH2(OH). The benzene 
rest, is called the nucleus, and the methyl-group, the side^hain. 
Benzene-deriyatiTes which contain side-cliains, are, there- 
fore, divided into two sharply separated groups, Tiz., those in 
which the hydrogen of the benzene nucleus has been sul)stituted, 
and those in which the hydrogen of the side-chain has heen 
substituted. 

By the substitution of hydrogen rests for the hydrogen of 
the benzene nucleus, the following compounds are obtained : 

Methylbenzene, CeH^'CHj = C^Hg 

j Dimethylbenzene, (3 isomers) C5H^(CH3)g } _ rj tt 
( Ethylbenzene, C^Hj'C^Hs ) * '"* 

(Trimethylbenzene, (3 isomers) CjH3(CH3)3^ 
Methylethylbenzene, (3 isomers) C^H^ ] q jf >-= ^t^is 
Propylbenzene,* (2 isomers) C^Hg'CgH, J 

Tetramethylbenzene, (3 isomers) C^H2{GK^)^ 
Dimethylethylbenzene, (3 isomers) 

Di-ethylbenzene, (3 isomers) G^11^{C^'R^)^ \= G^^'R^^ 
Methylpropylbenzene, (6 isomers) 

C.H,(CH3)(C3H,) 
^ Butylbenzene,t • (4 isomers) C^Hg'C^H, 



♦C.H.'CHrCHrCHa, and CHrCn/^^^, propylbenzene and iso- 
propylbenzene. 

fi) CoHrcnrcHrcHrcHa 3) c.h.-ch/^^* 

2) c.HrciircH<'^5» 4) cnrc^cH' 

\^^« \CH. 
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There is only one hydrocarbon of the formula C^Hg. But 
of the formula CgHj^, there are four; of C^Hig, eight; and 
of CijjHj4, nineteen. The number of isomers increases very 
rapidly with the rising content of carbon. The number of 
cases of isomerism is also very great when the hydrogen of a 
highly constituted hydrocarbon is substituted by chlorine, 
hydroxyl, etc. 

But relatively few of the vast number of compounds which 
we see in perspective are known, and this is particularly the 
case in the higher series. 

Methylbenzene, Toluene, Toluol, OgHg'CHg, or* C^Hg- 
Toluene with other methylated benzenes, as dimethyl- and tri- 
methylbenzene, is formed, together with benzene, by exposing 
many organic compounds to a very high temperature. These 
methylated benzenes are separated from benzene and from each 
other by fractional distillation. 

In its physical properties, toluene resembles benzene com- 
pletely. It is a colorless oil with nearly the same odor as 
benzene. It boils at 111°, but does not become solid under 0°. 
It can be made from benzene artificially, by digesting a mix- 
ture of monobrombenzene and methyl iodide with sodium : 

CeHgBr + CH3I + Na^ = CeHg-CHg + NaBr + Nal. 

This reaction is adapted to the production of any higher 
aromatic hydrocarbon from benzene. To produce ethylben- 
zene, ethyl iodide is used, and so on. Toluene can also be 
converted into monobromtoluene, which with methyl iodide 
yields dimethylbenzene. 

The methyl-group of toluene is converted by oxidizing 
agents into carboxyl, COOH. This is the case not only when 
the group is methyl, but also when it is a methyl derivative of 
higher carbon content. Methylbenzene, CgH^'CHg, and ethyl- 
benzene, CgHg'CgHg, both yield the same carboxylbenzene, 
CgHg'COOH (benzoic acid). The oxidation of aromatic 
hydrocarbons affords, therefore, a reliable method of deter- 
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mining how numy atoms of hydrogen in benzene are sabstitnted 
by hydrocarbon rests. If CgH,„ for instance, yields 
C^HjCOOH on oxidation, it must be ethylbenzene, while if 
CjH^CCOOH), is formed, it is proved to be dimethylbenzene. 

When chlorine acts on tolnene in the cold, the hydrogen of 
the benzene nncleus is substituted (C^^^CV'C^^), but if the 
action takes place in heated toluene, the hydrogen of the side- 
chain is substituted, C^H^'CH^Cl. 

The following chlorine deriYatives of toluene are known : 



Monocfilortoluene Dtchl<Htoliiene 



C.HjCl3~CH 

Trichlortoliieiie 



TetrachlortolucDC 



C.CirCH, 

Pcutachloctolaene 



C-Hg CH.Cl 

Benzyl chl<Hrlde 

CgH.2d3 CHgCl 

Tnchlorbenzyl chloride 

CjHj CHClj 

Benzyl dlchloride 

C.H.Clj'CHCl, 

Tnchlorbenzyl 
dlchloride 

^sHg'CClj 

Phenylchloroform 



C-H.C1-CH,C1 

CfalorSeuzyl chloride 

C,HC1^-CH,C1 

Tetnchlorbenzyl cnl<Mide 

C.H^CrCHCl, 

Monochlorbenzyl dichlonde 

C,HCl^"CHCl, 

Tetrachlorbenzyl 
dlchloride 

c.H^crcci, 

Monocblorphenylchloroform 



C,H,C1,-CH,01 

Dichlorbenzyl chloride 

C.Cls'CHgCl 

Pentachlori>enzyl chloride 

C1JH.3CI2 CHClg 

Bichloroenzyl dlchloride 

C,C1,-CHC1, 

Pent:ichlort>enzyl 
dlchloride 



^6^3^' 



2 'CCI3 
Dichlbrphvnylchloroform 



CjHgCl3 CCI3 

Trichlorphenylchloroform 



CeHCl^'CCi, 

Tetrachlorphenylchloroform 



Almost every one of these compounds exists in several iso- 
meric modifications, e.g., there are three isomeric monochlor- 
tolucnes. We see hence that the number of isomeric derivatives 
is enormous. 

If chlorine is led into cooled toluene, chlorinated derivatives are obtained 
in which the hydrogen of the benzene nucleus is replaced. But if the 
toluene is boiling, the hydrogen of the methyl-group is substituted, and 
the substitution thus takes place in the side-chain. The extent of substi- 
tution (mono-, di-, tri-chlortoluene, etc.), depends on the duration of the 
action. If. however, chlorine is passed through toluene which contains 
iodine, so that it is really exposed to the action of ICls, the substitution 
takes place in the benzene nucleus, even when boiling. 
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1. a). Monochlarioluene, CeHiCrCHs. All three isomers are known. 
The ortho- and meta-compounds boil ^t 156°, the para at 160". 

1. b). Benzyl Chloride, CeHg'CHgCl, is formed by lead- 
ing chlorine through boiling toluene, or by the action of HCl 
on benzyl alcohol, CgHg'CHgOH. It is a colorless liquid 
boiling at 176°. On oxidation it passes into benzoic acid, 
CeHg'COOH (p. 239). 

If a mixture of benzyl chloride and benzene is warmed with 
aluminum chloride, HCl is evolved and benzylbenzene, or 
diphenylmethane, CcHg'CHg'CgHg, is obtained. It forms 
needles fusing at 26° and boiling at 261°. On oxidation it is 
converted into ienzo2)henone, CgHg'CO'CgHg. 

This reaction is applicable to all chlorides of the fatty compounds and 
those chlorides of the aromatic compounds in which the chlorine is in the 
side-chain. If a chloride of this kind is mixed with an aromatic hydro- 
carbon and treated with aluminum chloride, chlorhydric acid is elimin- 
ated, and a compound of the two organic bodies is formed, although the 
aluminum chloride does not take part in the reaction. 

Methyl chloride and benzene with the addition of aluminum chloride, 
give toluene and also dimethylbenzene, trimethylbenzene, etc. 

CHaCl + CeH. = CHa'CcHs + HCl ; 
2 CHsCl + CeHe = C«H4(CH3)a + 2 HCl, etc. 

Chlorine gives under the same conditions with benzene, triphenylme- 
thane, C6H3(CH3)8. Acetyl chloride gives with benzene, acetophenone, 
(methylphenylketone), CoHs~CO"CH3. 

2. a). Dichlortoluene, CaHsCla'CHs, is formed by leading chlorine 
into toluene containing iodine. It boils at 196°, and on treatment with 
oxidizing agents is converted into dichlordracylic acid, CoHaCla'COOH. 

2. b). Monochhrbenzyl chloride, CoH4Cl"CH.,Cl, is obtained by leading 
chlorine into benzyl chloride containing iodine, or by the action of chlo- 
rine on boiling toluene. It boils at 214°. On oxidation it is converted 
into chlordracylic acid. 

2. e). Benzol chloride, CJlrCBCU, is produced either by the action 
of chlorine on boiling toluene, or phosphorus pentachloride on benzyl al- 
dehyde (bitter almond-oil), CeHs'CHO. It boils at 207% and by oxida- 
tion is converted into benzoic acid, CeJIa'COOH. 
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3. a). IVichlarlolfiene, C«HsCls'CHs, is formed by U^uHng chknine 
into toluene containing iodine. It boils at 235°, and is oonveited by ox- 
idation into trichlordracjlie acid, GcHsCl3~CXX)H. 

3. b^ DiMarbemyl chloride, C»H,arCHa,, is obtained bf leading 
chlorine into benzyl chloride containing iodine, or by l««/iing chlorine 
into boiling dichlortolnene. It boils at 241"; and on oxidation passes 
into dichlordracylic acid, C«H,C1,~C00H. 

We shall not proceed farther with the description of the chlorinated 
toluenes, as we have now learned the methods by which all the remaining 
derivatives can be produced. 

According to the duration of the action of chlorine on boiling toluene, 
we obtain, C.H»"CHaCl, C.HrCHCl,, or C.H»~Ca,. If a chlorin- 
ated toluene is employed instead of toluene, further chlorinated deriva- 
tives are produced. If monochlortolnene. CeH4Cl~'CHa, is used we ob- 
tain, C.H4CrCH5Cl. CH^CrCHCl,, and C.H4Cl"Ca, ; dichlortolnene, 
C.HaCirCH,, yields CcH,Cl,"CH,Cl, CHaCl.'CHCU, C.H,C1,-CC1„ etc. 
The chlorine can hence be introduced into the side-chain at wilL The 
chlorine can be introduced into the benzene nucleus with the same ease 
by either cooling the toluene, or adding iodine. In this way we can obtain 
from toluene : 

C.H4a"CH3 ; C.H,arCH, ; C.H,C1,-CH, etc. 

From benzyl chloride, CcH»~CH,Cl, we have : 

CH^CrCHjCl ; CHaClrCH^a ; C,H,C1,"CH,C1, etc. 

From benzal chloride, CcHt'CHCls, 

C,H4CrCHa, ; CHaCirCHa, ; C.H,C1,"CHC1„ etc. 

Bromine and iodine act similarly to chlorine. As the nu- 
merous bromine and iodine deriyatives resemble the chlorine 
compounds, we shall omit them. 

The nitro-derivatives are, however, worthy of attention. 
According to the theory, three mononitrotoluenes are possible. 
All three are known. Two of them are formed by the action 
of nitric acid on toluene. One of them is a liquid (liquid 

nitrotoluene), and has the constitution, C^H^ j ^ nvr^- ^^ 

boils at 223°, and is completely destroyed by boiling with 
chromic acid solution. Boiling dilute nitric acid, however. 
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converts it into orthonitrobenzoic aqid, CgH^ j « no6H' "^^^ 
other is solid at ordinary temperatures, fuses at 54° and boils 
at 236°. It has the constitution, CgH^ j ^ q^j^, and yields 

on oxidation nitrodracylic acid C^H^ -j . qqAtj* 

The third nitrotoluene is not obtained directly by the action 
of nitric acid on toluene, but by an indirect method from 
nitroamidotoluene. (By conversion into the diazo-compound 
and then into the nitrotoluene). It is liquid at ordinary tem- 
peratures, solidifies when cooled, and fuses then at 16°. It 

boils at 231°, and has the constitution, CgH^ \ g njj^- Oil 
oxidation it yields nitrobenzoic acid, CgH4 \ o noAjT' 

The fourth nitro-derivative of toluene, in which the nitro-group is in 
the side-chain, CaHs'CHa'NOa, has not yet been obtained. 

All four hydroxyl-derivatives of toluene have been pro- 
duced. Those which contain the OH in the benzene nucleus 
are called cresols. When it is in the side chain, they are 
known as benzyl alcohols. 

Benzyl alcohol is a true primary alcohol, and yields benzyl- 
aldehyde and benzylic or benzoic acid on oxidation : 

CcH^jgg^ Cresol. 

CgHg CHgOH Benzyl alcohol (like CHjCH^OH) 
CeHgCHO Benzaldehyde (like CH3CHO) 

CeHgCOOH Benzoic acid (like CH3COOH). 

The cresols are phenols. Two of them, the ortho- and 
paracresol, occur in coal-tar. The properties of all three of 
them resemble those of phenol. Orthocresol fuses at 31° and 
boils at 185° ; metaCresol is liquid and boils at 201° ; para- 
cresol fuses at 36° and boils at 199°. By the action of oxidiz- 
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ing agents on them, or rather on their methyl ethers, or acetic 
esters, the CH3 is converted into carboxyl, while the hydroxyl 
remains unchanged. A body is thus obtained of the com- 

( OH 
position C5H4 •< rjQQTj. These compounds have the same 

relation to the phenols as the glycollic acids to the alcohols, 
and are at once both phenols and acids. They are called 
hydroxyienzoic adds. 

Benzyl Alcohol, C8Hg"CH2(OH), or C^HgO, is formed from 
benzyl chloride (which is produced by leading chlorine into 
boiling toluene) by digesting with potassium hydroxide : 

CeHg-CHgCl + KOH = C^llfGB.^{OB.) + KOI, . 

and by the reduction of benzyl aldehyde : 

CeHg-CHO + H, = C,H,-CH,OH, 

or by boiling benzaldehyde with alcoholic potassa : 
2 CeHg-CHO + KHO = CeHg-COOK + C.Hg-CHsjOH. 

Potassium benzoate 

All of these methods of formation show very distinctly the constitu- 
tion of benzyl alcohol. Chlortoluene does not yield a cresol on diges- 
tion with potassium hydroxide, because the chlorine which is in the 
benzene nucleus is not easily substituted. On the other hand, benzyl 
chloride acts like a chloride of the fatty series. The conversion of benz- 
aldehyde into benzyl alcohol by reduction is exactly analogous to the 
general property of the reduction of aldehydes to alcohols mentioned on 
page 85. 

Benzyl alcohol is a colorless liquid with an aromatic odor, 
boiling at 207°, and insoluble in water. It is oxidized by 
nitric acid into benzaldehyde (bitter almond-oil). Boric an- 
hydride converts it into benzyl ether : 

2CeH5-CH,OH = g«g6l^|^\>o + H,0. . 

By treating benzyl alcohol with gaseous chlorhydric acid, it 
is converted into benzyl chloride, CgHg"CHgCl. 
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The principal esters of benzyl alcohol are : 

Benzyl Acetic Ester, CeHg'CHg'O'CgHgO, (b. p. 210°). 

Benzyl Benzoic Ester, CgHg'CHg'O'C^HgO. 

Benzyl Cinn^mic Ester, CgHg'CHg^O'C^H^O (see later). 

Benzyl-benzoic ester and benzyl-cinnamic ester occur in 
balsams of Peru and Tolu. 

{OH 
Q2 , and benzyl alcohol, C<,H6"*CH20H, 

we have already met another body of the formula, CiHgO, viz. : anisoll, 
CeHg'O'CHa, the methyl ether of phenol (p. 210). 

Benzaldehyde, Bitter Almond-Oil, CeHg'CHO, or C^HgO. 
Bitter almond-oil does not occur in the free state in nature, 
but is formed by a peculiar fermentation of a glucoside, amyg- 
dalin, existing in bitter almonds, by which it breaks into dex- 
trose, cyanhydric acid and benzaldehyde : 

CgoHg^NO,, + 2HgO = 2 CeH.gOe + CNH + C,HeO. 

Bitter almond-oil is obtained by distilling bitter almonds with water. 
It distils over with cyanhydric acid and steam, and separates as a heavy 
oil in the distillate. It is also formed by the decomposition of benzal 
chloride with sulphuric acid, and further by heating benzyl chloride with 
lead nitrate. 

•It is a colorless, strongly refractive liquid with the odor of 
bitter almonds. It has a burning taste, boils at 180°, and is 
difficultly soluble in water. It is not poisonous, although the 
crude bitter almond-oil, on account of its containing cyan- 
hydric acid, is poisonous. Benzaldehyde has all the charac- 
teristic properties of an aldehyde ; it unites with acid alkali 
sulphites to form crystalline compounds ; oxidizing agents 
convert it into benzoic acid ; hydrogen sulphide converts it 
into benzsulphaldehyde, OgHg'CHS. Phosphorus penta- 
chloride transforms it into bienzal chloride, CgHg'CHClg, 
i,e., its oxygen is replaced by 2 CI. It is nitrated by fuming 
nitric acid, forming nitrobenzaldehyde, CgH4(N02)~OHO. 
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When mixed with potassium cyanide and allowed to stand 
some time, it is converted into a polymeric body, henzoin, 
Ci^HjgOg = 2C,HgO, which crystallizes in colorless, odor- 
less prisms insoluble in water, from which chlorine abstracts 
two H's, forming benzil, C^ ^H ^ ^O^. Benzil is converted back 
into benzoin by the action of hydrogen. Alcoholic potassa 
changes it into henzilic acid, G^^^^O^ : 

C14H10O2 + KOH = C^.H.jKO,. 

Potassiiim benzilate 



The constitution of these bodies is probably : 

C.HrC0-CH(0H)-C«H5 C.H5"C0"C0-C.H» 

Benzoin Benzil 

(CeH,)2=C(0HrC0aH. 

Benzilic acid • 

Benzaldehyde is converted into its pinaoone (p. 113), by reduction with 
sodium amalgam, or zinc and chlorhydric acid, the formula of this body 
is : C14H14O2 = CeH»~CH(0H>"CH(0H)-C.H6, hydrobenzc^. It forms 
tablets fusing at 134°. On oxidation, it is converted into benzoin and 
benzil, and finally into benzoic acid. Like all pinacones,. hydrobenzoln 
splits out water easily and passes into the pinacoline, OMHi-iO (f. p. 131°). 
On the other hand, benzoin forms by reduction with zinc and chlorhydiic 
acid a compound, Ci4HiaO, deaoxyhenzcHn {phenylbenzylketone) t 



CoHs-CO-CH-rCeH 



5* 



There is also formed by the reduction of benzaldehyde an isomeric 
compound, C14H14O2, isohydrobenzdln, which also splits out water easily 
and is converted into C14H12O, (f p. 102°). 

Benzaldehyde is converted by the action of ammonia into hydrohenza- 
mide, CaiHisNs, which forms octahedrons fusing at 110°. This body, on 
boiling with alkalis, falls into isomeric and strongly basic amarine (prisms 
fusing at 100°), and by distillation, into another isomeric compound, 
lopMne, CaiHisNa, which forms needles fusing at 270°. 

Benzaldehyde also unites with cyanhydric acid forming the nitrile of 
phenylglycoUic acid, C6H5"CH(OH)"CN', which with ammonia yields 
easily the nitrile of phenylamidoacetic acid, C(,fl6"CH(NHa)"CN. The 
nitriles are easily converted into phenylglycoUic acid : 

CeHrCH(0H)-C06H, 
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ajid pTienylamidoacette add, CeH6"CH(NH2)C00H, by boiling with chlor- 
hydric acid. ' 

Sodium eliminates the oxygen from benzaldehyde, and the two rests 
free from oxygen onite, forming stilbene : 

CmHis = CsHs CH''C£[ CeHsy 

which is a molecule of ethylene in which two H's are replaced by two 
benzene rests (diphenylethylene). The same compound is obtained by the 
distillation of benzyl sulphide, (CeH5CHa)2S. It crystallizes in thin, 
colorless leaflets fusing at 120''. 

Benzoic Acid, Phenylformic Acid,G^Ilf^~COOIly or C^HgOg, 
Benzoic acid is the first aromatic carboxylic acid that we haye 
met. We have seen that the phenols* exhibit acid properties 
when containing nitro-groups, but we shall meet with a large 
number of true carboxylic acids among the aromatic com- 
pounds. These acids behave in the same manner as the acids 
of the fatty series. 

The hydrogen of the carboxyl is easily replaceable by metals. 
An aromatic acid, therefore, which contains one carboxyl- 
group as a side-chain is monobasic. When two carboxyls are 
present, it is dibasic, etc. 

The hydroxyl of the carboxyl of the aromatic carboxylic 
acids can be replaced by chlorine, bromine, or iodine (aci- 
chlorides) by ammonia (amides) and by acid rests (anhy- 
drides). By distillation with a formate, they can be converted 
into their aldehydes, and with the salt of another organic 
acid, into the corresponding ketones. As they are aromatic 
acids, chlorine, bromine, iodine, the nitro-group, and the 
amido-group can be easily introduced into the benzene nu- 
cleus, yielding an immense number of derivatives, many of 
which are, of course, isomeric. 



* The H of the =C~0J5 group, in a tertiary alcohol resembles somewhat 
the H of the carboxyl group, 0=C~OH, in being replaceable by metals. 

The phenols are tertiary alcohols. 
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Benzoic acid occurs in gum-benzoin and other gums. It is 
formed by the oxidation of toluene and benzaldehyde, and 
also by the simultaneous action of carbonic acid and sodium 
on brombenzene : 

CeH^Br + Na^ + CO^ = CeHg-COONa + NaBr. 

It is usually made by heating gum-benzoin, which sublimes the benzoic 
acid, or by the decomposition of hippuric acid (see later), which occurs 
in the urine of herbivora, by boiling with chlorhydric acid, which de- 
composes the hippuric acid into glycocoU and benzoic acid, or finally by 
heating phenylchloroform, CbHs'CCIs, with water. 

Benzoic acid forms thin, colorless, glittering leaflets with 
a weak aromatic odor, which fuse at 120° and boil at 249°, 
although it sublimes imder 100°. It is difficultly soluble in 
cold water, more easily in hot, and very soluble in alcohol and 
ether. 

It is a monobasic acid, and forms salts with bases, which 
are mostly easily soluble in water. If a benzoate is submitted 
to dry distillation with an excess of alkali, benzene and a car- 
bonate are formed. This reaction is analogous to the forma- 
tion of methane from acetic acid (p. 15) : 

CHa'COONa + NaHO = CH^ + NagCOg 

Sodium acetate Methane 

0,H,-COONa + NaHO = C,H, + Na^CO,. 

Sodium benzoate Benzene 

If, however, a benzoate is submitted to dry distillation by 
itself, a ketone, ienzophenone, CgHg^CO'CgHg, is produced, 
in the same manner that acetone is obtained from an acetate : 

CH3C00Na CHgXp^ , T^x, pn 
CHsCOONa = Ch'/^^ + ^^^^03. 

Acetone 

clH^OOONa = C\-B.\}^^ + ^a^OO,. 

Benzophcnone 
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The aromatic ketones are also formed when an acid and a 
hydrocarbon, both of which belong to the aromatic series, 
are heated with phosphoric anhydride, which acts as a de- 
hydrating agent : 

CeH.COOH + CeH, = C,H,-CO-CeH, + H,0. 

Benzoic acid Benzene Benzophenone 

Benzophenone, CigH^oO, crystallizes in prisms fusing at 
49° and boiling at 295°. Fuming nitric acid converts it into 
diniirohenzophenone ; nascent hydrogen into henzhydrol : 



g.g«>CH(OH), 



(as acetone is converted into isopropyl alcohol). Benzhydrol 
is a secondary alcohol containing two benzene rests together 
with the group CH(OH) (just as isopropyl alcohol contains 
two methyl groups). 

By the diy distillation of a mixture of a benzoate and a salt 
of another organic acid, mixed ketones are obtained, e. ^., 
from an acetate and a benzoate we get methylphenylketone, 

CH \ 
acetophenone, q A yCO, etc. 



or 



Sodium amal^m converts this compound into the secondary alcohol, 
C«H6-CH(0H)-CH,. 

By treating benzoic acid with phosphorus pentachloride, 
we obtain 

Benzoyl Chloride, OgHgOOCl, which corresponds to acetyl 
chloride CHj'COCl (p. 93). 

CeHgCOOH + PClg = CeHgCOCl + HCl + POCI3. 

It is a colorless liquid with a pungent odor which causes 
violent weeping. It boils at 199°. It decomposes gradually 
with water into benzoic and chlorhydric acids : 

CeHgCOCl + HjjO = CeHgCOOH + HCL 
16 



> 



242 ABOMATIC COMPOUITDS. 

The chlorine of benzoyl chloride is easily replaced by other atoms, or 
groups. With potassium bromide it yields benzoyl bromide, CeHft'COBr ; 
with potassium iodide, benzoyl iodide, CeHs'COI ; with potassium cyan- 
ide, benzoyl cyanide, CeHs'COCN; with phosphorus pentachloride at a 
high temperature (200**), its oxygen is replaced by two chlorine atoms, 
forming benzotricMoride : 

CcH.-COCl + PCU = CeH5-CCl, + POCl,. 

Benzoyl chloride forms with sodium benzoate 

Benzoic Anhydride, c*h''"CO/^" 

CeHgCOCl + CeHg-COONa = NaCl + c'h'-CO^^* 

Benzoic anhydride forms colorless, prismatic crystals, fusing 
at 42° and boiling at 350°, insoluble in water, and easily solu- 
ble in alcohol and ether. 

If, instead of sodium benzoate, benzoyl chloride is mixed with the 
sodium salt of another acid, mixed anhydrides are obtained. Sodium 
acetate for instance, gives 

C H "COX 
Benzoylaeetie Anhydride, qh *~C0 /^ ' 

O.H5"COCl + CH,-COONa = NaCl + cE^*-co)>^- 

» 

Benzoyl reacts with ammonia, forming Benzamide : . 
O^Hg'COOl + NHg = CeHg-CONHjj + HCL 

Benzamide crystallizes in leaflets, fusing at 125° and boiling 
at 288°. It is soluble in hot water, easily in alcohol and ether. 
It possesses weak basic properties. 

The hydrogen of the carboxyl of benzoic acid can also be sub- 
stitued by hydrocarbon rests, forming esters, e.g.^ methyl benzoic 
ester, CgHg'COOOHg, ethyl benzoic ester, CgHg'COOCgHg, 
etc. 

These esters are made by dissolying benzoic acid in the 
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proper alcohol, and leading chlorhydric acid gas through the 
solution. 

The esters can also be easily made by acting on the alcohols 
with benzoyl chloride. Benzoyl chloride reacts with water, 
forming benzoic acid and chlorhydric acid : 

CeHj-COCl + HOH = C,Hg-COOH + HCl. 

H instead of water, an alcohol (substituted water) is taken, an 
ester and chlorhydric acid are produced : 

CeH^-COCl + CH3OH = C.Hg-COOHa + HCl. 

In this m&nneT pTienyl benzoic ester, CeHe'COOCeHs, is obtained. It 
crystallizes in colorless prisms, which fuse at 66°, and are volatile without 
decomposition. 

The derivatives which we have thus far considered haye 
been produced by substitutions in the carboxyl. We shall now 
take up those in which the substitution takes place in the 
benzene nucleus. 

Monochlorbenzoic addy C^jH^CrCOOH. There are three 
compounds of this composition, which bear different names. 

{1 ci 
2C00H» '^'^ produced by the action of 

phosphorus chloride on sodium salicylate (see later). It forms colorless 
crystals fusing at 137°, which are converted into benzoic acid by the action 
of nascent hydrogen, and into salicylous acid by fusing potassium 
hydroxide. 

C«H4C1-C02H + KHO = CeH4(0H)C0aH + KCl. 

Oblorsalylic acid Salylic acid 

)1 PI 
3 COOH* ^® obtained directly from ben- 
zoic acid by the action of chlorine. Colorless needles fusing at 152°. ^ 

it CI 
4 COOH' ^ produced by the oxidation 

of monochlortoluene (1 . 4). Colorless scales fusing at 237°. 

The three brombenzoic acids, the three iodobenzoic acids, and the 
three nitrobenzoic acids are also known. 
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Nitrobenzoic Acid, C6H4(NOa)"COOH, is formed by the action of 
fuming nitric acid on benzoic acid. The metanitrobenzoic acid is the 
chief product, the other two being obtained in lesser amounts. The 
metanitrobenzoic acid forms needles fusing at 141''. The ortho-compound 
is also formed by oxidation of orthonitrotoluene. It forms prisms fusing 
at 147**. The para-compound, which is also obtained by the oxidation of 
nitrotoluene, forms leaflets fusing at 238'\ 

They are changed by reduction into amido-acids, which under the 
proper conditions yield azoxy-, azo-, and hydrazo-compounds. 

The nitrobenzoic acids yield, when boiled with alcoholic potassa, 

C6H4(C02H)-N\ 
Azoxybenzaic Acids. ^ „ ^^ „ i yO. 

Sodium amalgam, converts the nitrobenzoic acids into dzohejusoic ctcida, 

CaH4(C00H)-N 

XT nn/ TT -\r' ^^*^^ ^J f^irther reduction pass into hydrazobenzoie 

CaH4(C00H)-NH - 
acids, ^ „ ^^^„ ' ^^, which by the action of silver oxide are converted 
CaH4(C00H)-NH ^ 

back into the azo-compounds. 

There are also four dinUrobenzoie acids, C6H3(NOa)aCOOH, and one 
trinitrohenzoic acid, C6Ha(NOa)3COOH, known. 

Amidobenzoic Acids, C^^(N'H.^)GOOK. Theamidobenzoic 
acids correspond to the nitrobenzoic acids. All three of the 
monamidobenzoic acids are known. They possess basic prop- 
erties and unite with acids to form salts, but since they contain 
the carboxyl group, the hydrogen of ivhich can easily be sub- 
stituted by metals, they also possess acid properties. This 
compound may be compared to glycocoll (p. 98). 

CHgCNHJ-COOH Glycocoll, 
CeH4(NH2)"'C00H Amidobenzoic acid. 

The aromatic compounds, however, exhibit some characteristic 
differences. 

The three amidobenzoic acids have also different names : 
Anfhranilic Acid, CflH4 •! « COOH' ^^ formed by heating indigo-blue 

with potassium hydroxide and manganese di-oxide. It crystallizes in 
glittering yellow leaflets, difiicultly soluble in cold water, and easily in 
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hot. It fuses at 144°, and sublimes without decomposition. , It unites 
with both bases and acids, forming finely crystallizable compounds. On 
rapid heating, it breaks into aniline and carbonic acid : 

CH^CNHOCOOH = CeHft-NHa + COa. 

Amidobenzoic Acid, CtB.^ < » qqoH' ^ obtained from the correspond- 
ing nitrobenzoic acid by reduction with ammonium sulphydrate. Color- 
less prisms fusing at 173°, subliming without decomposition, difficultly solu- 
ble in cold water, easily in hot. It forms salts with both acids and bases. 
Its ethyl ester, C.H4(NHa)C00CaH», and amide, CaH4(NH2)CO(NHa), are 
worthy of notice. 

Amidodraeylic Aeidt CiRa \a noOH* ^ produced by the reduction of 

nitrodracylic acid with ammonium sulphydrate. It forms colorless 
rhombohedrons fusing at 186°, and otherwise resembles amidobenzoio 
acid. 

Nitrous acid converts the amidobenzoic acids into diazo-compounds. 
The diazo-compounds of amidobenzoic acid have been the more thoroughly 
examined. 

If nitrous acid is passed into an alcoholic so'ution of amidobenzoic acid, 
small orange crystfils separate, which are the .-imidobenzoic compound of 
diazobenzoic acid : ^ 

2 C«H4(C02H)NHa + HNOa = C«H4(COaH)-N=N"NH(C02H)C«H4 

+ 2HaO. 

If nitrous acid is conducted through an aqueous solution of amidoben- 
zoic acid, however, diazobenzoic acid nitrate is obtained : 

C6H4(C02H)NHa . HNOs + HNO, = C«H4(COaH)-N=N-N03 + 2 H^O. 

The nitric acid rest, NO3, of diazobenzoic acid nitrate can be replaced 
by CI, HSO4, etc., in which case the chloride, sulphate, etc., of diazoben- 
zoic acid are formed. On boiling with water, the diazobenzoic acid com- 
pound is decomposed, and at the same time, also, the diazobenzene, the 
double atom of nitrogen being eliminated and hydroxyl taking its place : 

CflH4(C02H)-N=N-N03 + H,0 = C«H4(C0aH)0H + N, + HNO3. 

An oxybenzoic acid is thus obtained. 

Of the higher amidated benzoic acids, we shall mention only the 
diamidobenzoic acid, CeH3(NH3)2COOH, which is obtained by the reduo- 
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tion of dimtrobenzoic acid, C«H3(N02)aCOOH. It is difficultly crystalliz- 
able, owing to its remarkable solubility. As the amido-groups predomit 
nate, it does not possess* acid properties, i,e, does not unite with bases, 
but forms salts with two molecules of acid. 

Since an H of benzene can be replaced by the group SO3H, 
forming benzenesulphonic acid, OeHg'SOgH, an H of the 
benzene nucleus of benzoic acid can also be substituted by 
SO3H, yielding sulphohenzoic acid. 

Benzoic acid and sulphuric anhydride yield mlphohenzoic aeid^ 

iSO H 
CO H' * deliquescent, easily decomposable compound, which is 

dibasic, and forms two series of salts, of which the beautifully crystalliz- 
able acid barium salt is worthy of mention. Sulphohenzoic acid can be 
nitrated. One or both of the hydroxy! s can be replaced by CI, forming 

CeBiA ^ cQci > aulphobenzoyl chloride, and CeH** j rjQrii « sulphohenzoyl 
dichloride. With ammonia, these compounds exchange their CI for NH, 
yielding C8H4 ] cONH ' sulphobenzamic add, and C6H4 ] qq/jJh V' 
sulphohenzamide, 

m 

Benzoic acid and benzaldehyde have been shown to be de- 
rivatives of benzyl alcohol, which is a true alcohol, and has 
also the characteristic properties of an alcohol of the fatty 
series. We shall take up next the consideration of some of 
its derivatives. As we have already seen (p. 233), benzyl chlo- 
ride is formed by leading gaseous chlorhydric acid through 
benzyl alcohol, in the same manner that ethyl chloride is 
formed from ethyl alcohol : 

CeHgCHjjOH + HCl = C^HgCHgCl + HgO. 

As benzyl chloride behaves as a fatty compound, its chlo- 
rine is easily replaceable. 

On boiling benzyl chloride with water, benzyl alcohol is 
regenerated : 

CeHgCHgCl 4- HOH = C.HgCHgOH + HCl. 
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By digestion with alcoholic ammonia, benzyl chloride is 
conyerted into the hydrochlorides of henzylamine : 

dibenzylamine, (C^Hg'NHg^gNH, and tribenzylamine : 

(CeHrCH,)3N: 

Benzylaminey C^jHg'CHg'NHg, is a liquid boiling at 133% 
miscible with water^ and possessing strong basic properties. 

Dibenzylamine, {G^B.^'Nlil^)^'!HE., is a liqnid insolnble in 
water. Tribenzylaminey (C5H5~CH2)3N, is a crystalline 
body fusing at dV, and insoluble in water. 

With phosphuretted hydrogen (phosphine) benzyl chlo- 
ride forms the corresponding phosphines, benzylpAospAine, 
CgHg'CHg'PHg, dibenzylphosphine, (C^H^'CHgygPH, and 
tribenzylphosphiney (CgH5"CH2)3P. 

Chlorbenzyl forms with potassium cyanide, ienzyl cyanide^ 
G^^^'GK^G^y which on boiling with potassa yields an acid 
homologous with benzoic acid, C^jHj'OHg'COOH, alphatol- 
uic acid, or phenylacetic acid : 

CeHgCHgCI^ + 2IL^0 = C.H.CHgCOOH + NH3. 

By boiling chlorbenzyl with potassium sulphydrate, the 
sulphur compound corresponding to benzyl alcohol is pro- 
duced. It is the mercaptan of the benzyl series, and is called 
henzyUulphydrate : 

CeHgCHjjCl + KHS = CeHgCH^SH + KCl. 

It is a colorless liquid with an offensive odor. Its properties resemble 
those of ethylmercaptan. The benzyl sulphide, (08HA~CH2)iS, and benzyl 
disulphide, (CBH6''CH2)iS2, have also been produced. 

There is a body derived from benzoic acid, which occurs in 
the animal organism and is called benzoylglycocoll, or hippurie 
acid, C9H^N03 : 
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GlycocoU = CgH.NO, = i * 

Hippuric acid = CgHoNOo = i ^ 

^^ 9 9 3 ;N"H"C0"CeH5 

Hippuric acid occurs as calcium and sodium salts in the 
urine of the herbivora, and owes its origin to benzoic acid ; 
fer, after eating substances containing benzoic acid, hippuric 
acid is always found in the urine. In fact, the whole amount 
of benzoic acid taken into the system is thrown off in the 
urine as hippuric acid. It crystallizes in thick needles, 
which fuse on heating and decompose by further heating. It 
is difficultly soluble in water, and forms soluble salts. It is 
monobasic. On boiling with acids, or alkalis, it breaks into 
glycocoll and benzoic acid, taking up the elements of water : 

OH "OOOTT 

I * +H.O = CH,(NH.)OOOH + C,H,COOH. 

NH-CO"C,Hg * 8V 2/ -res 

It can be made artificially by the action ot benzoyl chloride on silver- 
glycocoU : 

CHa~C0OH CHrCOOH 
CeHsCOCl +7=1 + AgCl. 

NHAg NH-COCeH* 

The di-valent rest, NH, is replaced by by the action of nitrous acid, 

forming 

CHrCOOH 
BenzoylglycoUic (tcid, i _ _ , or O9H8O4, which is glycollic acid 

CO GbHs 
in which the aiooholic hydrogen is replaced by benzoyl. 

Eikyl hippuric aster, 1 , and its derivative, hippuramide, 

NH-CO-CeHft 

CHrCONH, , n ^ ^ 

I ^ , are also easily produced. 

NH-CO-C«H, ^ ^ 

We shall pass over a large number of the benzyl derivatives, as they 
are produced in an exactly analogous manner to their corresponding de- 
rivatives in the ethyl series. 
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There are nine dihydroxyl derivatives of toluene possible 
according to the theory, six having the constitution : 



0,H3(CH3)(0H) 



29 




and three the constitution, CeH4(0H)CH2(0H). The first 
six correspond to the dihydroxyl derivatives of benzene, and 
resemble quinol, catechol, etc., while the latter three possess 
both alcoholic and phenol characteristics. 

Only a few of these possible compounds are known. Ordnol, 
or ordn, C^HgOg, belongs to the first six. Orcinol : 



CgHg 



is a decomposition-product of many coloring matters derived 
from lichens (roc6??a and lecanor). It is also formed by heat- 
ing potassium monochlortoluene-sulphonate with potassium 
hydroxide : 

(CI (OH 

CgHg \ SO3K + 2 KOH = CeH- \ OH + KCl + K0SO3. 
(CH3 (CH3 ' ' 

It crystallizes in prisms fusing at 86° and boiling at 290°. 
Ferric chloride colors it dark violet. On exposure to the 
air, it takes on a red color owing to partial oxidation. If 
ammonia is also present, a red coloring matter called orcein 
is formed, which is a weak acid and dissolves in alkalis 
with a purple color, and is precipitated again as a red powder 
by acids. 

Orcein is the principal constituent of the coloring matter 
known as archil. 

If sodium carbonate is added to an ammoniacal solution of 
orcein, and the mixture exposed to the . air, a bluish- violet 
liquid is obtained, from which acids precipitate a red powder 
called litmus. 
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fOH 

A methyl ether of orcinol is known, C-H- •< OCH3, or 

/CH3 

CgHj^Og, beta-orcinol. It is also a product of the decom- 
position of many lichen coloring matters. 

We know also another ether of a dihydroxyl-toluene, yiz,, 

(OH 
cresol, CgH3 \ OCH3, or CgHjoOg. 

(CH3 

Cresol occurs in beech-wood tar, together with the mono- 

( OCH 
methyl ether of catechol, guaiacol, CgH^ ■< ^^ ^. Both beta- 
orcinol and cresol are oils which give precipitates with most 
of the metallic solutions. 

They yield, when treated with potassium chlorate and 
chlorhydric acid, compounds homologous with chloranil, as : 

C^HgCl^Og and CgH^Cl^Og. 

There are two compounds met with in commerce under the name of 
creosote which are essentially different : 

1) Coal-tar creasote, which consists principally of phenol with small 
amounts of cresol, guaiacol, catechol, and phlorol. The so-called crystal- 
lized cresote is phenol. 

2) Beech-tar creasote, consisting chiefly of cresol and guaiacol. 

Chlorinated quinones and quinones of toluene can be pro- 
duced in the same manner as the chlorinated quinones of 

benzene. Trichlortoluenequinone,G ^G\^ \ pfr , and trichlor- 

toluquinoly 03013(0113) \ ^-g, and their derivatives have been 

obtained. 

Only one member of the second class of dihydroxyl-deriv- 
atives of toluene, which are partly phenols and partly alco- 
hols, has been obtained, viz., salicyl alcohol, or saligenin, 

C5H4 •< 2 Qjj QH' *^® aldehyde, O5H4 -j qttq, and the acid. 
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( OH 
CgH^ j COOH' derived from it are also known. " 

The methyl ether of an isomeric salicyl alcohol is also 

{ 1 OOIT 
known, viz., anisyl alcohol, C^H^ ■< . pxr A-^, as well as tho 

corresponding aldehyde, C^H^ < nHO^' ^^^ ^id, 

^«^* I coofi' 

The three acids corresponding to the three alcohols are all 
known. They are salicylic acid, C^H^ \ ^ cO W ^V^^^!/' 

3 CO H* ^^^ parahydroxyhenzoic add. 



^^6^4 1 4 



OH 



4C02H- 

Salicylous Alcohol, or Saligenin, C^HgOg, is produced by 
the action of a ferment on salicin : 

^13^1^0^ + HgO = CeH^gOg + CjHgOg. 

Salicin Sugar Saligenin 

Saligenin ciystallizes in mother-of-pearl tablets, fusing at 
82°. It is difficultly soluble in water, is colored blue by ferric 
chloride, and by oxidation is converted into salicylous aldehyde 
and salicylous acid. Dilute acids change it into a resin^ 
saliretin, Ci4H,^03. 

Salicylic Aldehyde, or Salicylous Acid: 

C,He0„ CeH,(0H)CH0, 

occurs in the Spirea ulmaria. It is formed from salicin by 
the action of oxidizing agents, and, together with parahydr- 
oxyhenzoic acid, by the action of chloroform on an alkaline 
solution of phenol : 

CHCls + CeH5(0H) + NaHO 

= CeH4(0Na)CH0 + 3 NaCl + 8 HgO. 
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By the action of sodium hydroxide on chloroform, formic acid is 
formed: 

CHCl, + 3 NaHO = CHOOH + H^O, 

Which in the nascent state unites with phenol, water being eliminated : 
CeHfiCOH) + CHOOH = CeH4(0H)-CH0 + H^O. 

This reaction corresponds exactly to the action of carbonic acid on 
sodium phenoxide (see under salicylic acid), except that io the one case 
the aldehyde, in the other the acid, is formed. 

It is a liquid with the odor of bitter almonds^ boiling at 
196°. It is slightly soluble in water, easily in alcohol. It 
possesses weak acid properties, and since it is an aldehyde, 
unites with acid sulphites. Ferric chloride colors it violet-red. 
Chlorine, bromine, and nitric acid convert it into substitu- 
tion-products. Salicylous acid is isomeric with benzoic acid. 

Salicylic Acid, C^H^Og, C6H4(OH)COOH. The methyl 
.ester of salicylic acid forms the chief constituent of winter- 
green oil ( GauUheria procumbens). Salicylic acid is formed by 
fusing salicin, or curmarin, with potassium hydroxide. It 
crystallizes in prisms fusing at 156°, and is difficultly soluble 
in cold water, easily in hot. It is properly a monobasic acid, 
but as it is also a phenol it unites with two molecules of strong 
bases, such as the alkalis and alkaline earths. Ferric chlo- 
ride produces a violet color with its salts. On distillation with 
lime, it breaks into phenol and carbonic acid : 

CcHJ0H)C0Jh = CeHg(OH) + CO^. 

It can be produced synthetically by adding small pieces of 
sodium to hot phenol and passing carbonic acid through the 
mixture. In this way, sodium salicylate is obtained : 

CeHgOH + 2 Na + COsj = CeH4(0Na)C02Na + 2 H. 
Sodium salicylate is also formed when sodium phenox- 
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ide, which is formed from phenol and sodium hydroxide, is 
heated to 180°, and exposed to a stream of carbonic acid. In 
this reaction, half of the phenol is regenerated : 

aCeHgONa + CO^ = CeH4(0Ka)C0gNa + CeHgOH. 

This method is used to produce salicylic acid commercially. 
Salicylic acid has no odor. Its taste is powerfully astringent. 
It has marked antiseptic properties, and is largely used in the 
arts as an antiseptic for preserving fruits, wines, etc., and in 
medicine also as an antiseptic, and in the treatment of many 
diseases (diphtheria, rheumatism, etc.). 

It yields substitution products with chlorine, bromide, iodine, and 

nitric acid. Its anhydride, C6H4 ] nQy. has also been produced. 

Nitrosalicylic Add, C6Hs(N02)OH . COOH, which is obtained by acting 
on salicin with nitric acid, yields on reduction amidosalicylic acid, 
CeH3(NH2)OH . COOH. It possesses acid properiiies. 

By the action of ammonia on wintergreen-oil, salicylamide, 
06H4(OH)CO(NH0, is obtained: 

^•^* ] COOCHa + ^^' = ^'^^ ] CONHa + ^^*^- 

Salicylamide crystallizes in leaflets fusing at 133°, and boiling at 290° 
with decomposition, a molecule of water being eliminated, forming sali- 
cylimide : 

^•^^ i CONHa = ^-^^Xco "^ ^'^' 

Which is insoluble in water, alcohol, and ether. 

Hydroxbemoic Acid, Oxyhenzoic Acid, C8H4 ] 3 no H' ^^ CTHeOa, 

As we have already seen, nitrous acid converts amidobenzoic acid into 
diazobenzoic acid nitrate, which decomposes with water into hydroxybenzoic 
acid. Metahydroxybenzoic acid is also formed by fusing metasulphobenzoic 
acid with potassium hydroxide. 

Hydroxybenzoic acid forms small, colorless, indistinct 
crystals fusing at 200°, and slightly soluble in water. It is a 
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monobasic acid, and yields easily substitution products. Its 
salts are not colored by ferric chloride. 

Parahydroxyhenzaldehyde, Paroxybenzaldehyde, C^^a \ a chO* ^ 

formed, besides salicylaldehyde, by the action of chloroform on phenol. It 
is separated from the latter by distilling the acidified liquid with water, 
the salicylic aldehyde distilling over with the steam, while the parahy- 
droxybenzaldehyde remains behind, and on cooling crystallizes from the 
liquid. It forms needles fusing at 115-116°. It is difficultly soluble ia 
water, and its aqueous solution is colored a dirty violet by ferric chloride* 

Parahydroxyhenzoic Acid, Paroxyhenzoic Acid, 

^«^* ( 4 CO H' ^^ C^HgOa, 

Is formed in the same manner from amidodracylic acid, as 
hydroxybenzoic acid from amidobenzoic acid. It is also 
obtained by passing carbonic acid over potassium phenoxide. 
Heated to 200°-210°, in the same manner as salicylic acid, it 
crystallizes in colorless prisms fusing at 210°. Its reactions 
are analogous to those of its isomeric acids. 

Anisyl Alcohol, CgH^ -J . qtt A^, is the methyl ether of 

the alcohol derived from parahydroxyhenzoic acid. It is 
made from anisyl aldehyde, and forms colorless needles fusing 
at 25° and boiling at 258°. 

Anisyl Aldehyde, CgH^ •< qttq^, is obtained from anise-oil 

or fennel-oil by heating with dilute nitric acid. It is a color- 
less liquid boiling at 248°, with a spicy odor. It forms crys- 
talline cqmpounds with acid alkali sulphites, and is oxidized 
by the oxygen of the air into anisic acid. 

( OCH 
Anisic Add, C^H^ •< pQ xf, is made from anise-oil, or di- 
rectly from anisyl aldehyde. It is also obtained artifically by 
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methylating parahydroxybenzoic acid. Colorless needles fus- 
ing at 185°. It is a monobasic acid. 

The oarboxyl derivatives are the only other hydroxyl deriva- 
tives of toluene which are known. 

1) The principal representatives of the six theoretically 

possible acids, CgHj-jVjQ 4|, are hydroxy salicylic acid 

(1.2. 5), parahydroxysalicytic add, and protocatechuic acid 
(1.3. 4). 

Hydroxysalicylic and parahydroxysalicylic acids are formed 
from the corresponding amides of salicylic acid, by conversion 
into the diazo-compounds, and then into the hydroxyl-com- 
pounds. Protocatechuic acid is a decomposition-product of 
many tannic acids (catechin, etc.). It crystallizes in color- 
less needles containing a molecule of water, which fuse at 199° 
and then break into carbonic acid and catechol. 

The dimethyl ether of protocatechuic acid, CgHg < nnn'^ 

is known as veratric acid, and exists in sabadilla-seeds. It 

forms needles fusing at 180°. 

The methyl ether of the aldehyde of protocatechuic acid, 

(OCH3 
CgH, ■< OH , is intimately related to protocatechuic acid. 
(CHO 

It occurs in the vanilla bean and is, called vanillin. Vanillin 

is formed by the oxidation of a substance, C^ qHj gOg, obtained 

from coniferin (see later). It crystallizes in needles, fusing 

at 80°, and possesses an intense odor of vanilla. 

The decomposition-product, CioHiaOa, which is obtained directly from 

(OCH3 
coniferin, has probably the constitution, CgHs -{OH , and 

( CH=CH-CHaOH 

would hence stand in intimate relation to cinnamic alcohol (see later). 
Hydroxyscdicylic Acid is formed by the action of fusing potassium hydrox- 
ide on a substance, CmHioOa, gentisva, which occurs in the gentian 
root. 



ft 
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These acids are decomposed by distillation as follows : 
Hydroxysalicylic acid into carbonic acid and quinol. 
Protocatechuic acid into carbonic acid and catechol. 
Parahydroxysalicylic acid into carbonic acid and resorcinoL 
2) The last hydroxyl deriyative of toluene is Gallic Acid, 

O5H2 \ hQ Uy or C^HgOg. Gallic acid is formed from tannic 

acid, or digallic acid. 

It crystallizes, with one molecule of water, in fine glittering 
needles, which lose their water of crystallization at 100°, and 
fuse at 200°. It possesses a weak acid and astringent taste. 
It gives a blackish-blue color with ferric salts, and does not 
precipitate glue-solutions. It is difficultly soluble in cold 
water, easily in hot. It is properly a monobasic acid, but all 
four of its hydroxyl-hydrogen atoms can be replaced by metals. 
On heating, it is decomposed into carbonic and pyrogallic 
acids : 

^«^« { S^k = C,H,(OH), + CO,. 

The salts of gallic acid absorb oxygen from the air, passing into a 
higher state of oxidation. They precipitate gold and silver at once from 
solutions of their salts, and are hence used in photography. 

Digallic Acidy Tannic Acid, Tannin, O14HJ0O9, is an ester 
of gallic acid, C6H2(OH)3"CO"0"CeH2(OH)2"C02H. It 
exists in nut-galls, sumach, and many other plants. It can 
be produced from gallic acid by heating with phosphorus 
oxyehloride, or with a solution of arsenic acid. It is usually 
obtained from nut-galls by extraction with ether containing 
alcohol. 

It forms an amorphous mass easily soluble in water, with 
an astringent taste. Ferric salts produce in it a deep blue- 
black precipitate. It is preciptated from its solution by glue 
solution, tartar emetic, and particularly by animal skin, which 
is thereby converted into leather (tanning). 



I 
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The tannic acids which occur in oak-bark, quinine barks, 
catechu, fern-root, torentill-root, fustic, coffee-beans, etc., are 
similar, but have not yet been thoroughly examined. 

AmidO'derivatives of toluene. One amido-derivative of 
toluene, viz., benzylamine, OgH5'"CH2(NHg), has already 
been mentioned. In this compound, the amido-group is in 
the side-chain. If, however, the amido-group substitutes the 
hydrogen of the benzene nucleus, an amido-derivative will be 
obtained which exists in three isomeric modifications. These 
amido-toluenes are called toluidines; and are obtained accord- 
ing to the usual method, by reducing the corresponding nitro- 
toluenes. 

The two liquid nitrotoluenes yield on reduction two liquid 

toluidines, OgH^ -J ^ n^^y {pseudotoluidine) and 



s'^* \ 3 CH 



c.H. •! ; Sl», 



3 



Both of them boil at 198°, give a violet color with chloride of 
lime solution, and resemble aniline in their general behavior. 
The third nitrotoluene, which is solid at ordinary tempera- 
tures, yields a crystalline toluidine, CgH^ -J . qtt^, which 

fuses at 45° and boils at 198°. 

All three of these toluidines, like aniline, yield a great num- 
ber of derivatives. The derivatives form three isomeric series, 
and differ from the corresponding aniline derivatives by the 
plus increment of CH3. We shall not consider them further. 



Following toluidine, we shall take up a number of compli- 
cated compounds which play an important part as coloring 
matters in the arts, and which are formed by heating mix- 
tures of aniline and toluidine (high-boiling anilines) with 
weak oxidizing agents. They are known as the aniline colors. 
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The simplest of these colors, and the one from which the 
most of the others are derived, isfuchsine. It is made by 
heating the so-called commercial aniline with arsenic acid, 
nitrobenzene, etc. 

Fuchsine is usually the hydrochloride or acetate of the base, 
CgoHj 9^3^ rosaniline, which does not exist in the free state, 
and has the composition, CgoHjjNs.HCl. It crystallizes 
in rhombic tablets of a superb, glittering green color, is 
slightly soluble in water, and easily in alcohol, with an intense 
red color. It dyes silk and wool red. On the addition of 
chlorhydric acid to a solution of rosaniline, the red color dis- 
appears, and by the addition of hot concentrated chlorhydric 
acid, the trihydrochloride, CgoHijNg . 3HC1, separates in 
yellowish-brown needles, which by heating, or with water, are 
converted into fuchsine. 

If ammonia is added to a solution of fuchsine, particularly 
the acetate, a precipitate is obtained which, when pure, is 
perfectly colorless. As it is converted back into fuchsine with 
extreme ease by acids, and even by the carbonic acid of the 
air, it has been considered as the free base of fuchsine, and is 
called rosaniline. It has the composition : 

C^.H^^NjO = C2oH,,N3 + H,0. 

Fuchsine is converted by nascent hydrogen {e.g.y zinc and 
chlorhydric acid) into a compound containing two atoms of 
hydrogen more than fuchsine. This body has the compo- 
sition, C20H21N3, and is called leucaniline. Both the base 
and its salts are colorless. 

Leucaniline, CaoHaiNs, is derived from a hydrocarbon, CaoHisy whicli 
has the constitution : 

DipTienyUolylmetJicme, of which it is the triamido derivative : 

NHrC,H4\pTT-p XT /CH, 
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Rosaniline hydrate, C20H21N3O, however, is the hydroxyl derivative of 
leucaniline, and has the constitution : 

The compound, C2OH10N3, the salts of which constitute fuchsine, is a 
peculiar condensation-product of rosaniline, formed by the elimination of 
water : 



NHrC.H^V yCoHs-CH, 
NHrCeH./ \NH 



The salts of leucaniline yield fuchsine again by oxidation. 

It is easy to see that compounds similar to fuchsine will be formed 
when instead of toluidine higher methylated anilines are heated with 
weak oxidizing agents. 

The atoms of hydrogen which are in combination with the 
nitrogen can easily be replaced by hydrocarbon rests. By 
heating rosaniline with methyl iodide, or chloride, methyl 
violet is obtained. It can also be produced by heating di- 
methylaniline with cupric nitrate and salt. It has the com- 
position, CgoHj 4 (0113)5X3 . HCl. The ethyl violet corre- 
sponds with it in every way. On heating rosaniline with 
aniline at 180°, a blue coloring matter, aniline blue, is ob- 
tained, which is a triphenylrosaniline : 

^202^16(^^6^5)3^3 • HCl. 

Methyl violet in the dry state is golden yellow. Aniline 
blue is a bluish-brown powder with a coppery luster. 
Iodine green has the composition : 

C,oH,,(CH3)5N3.CH3Cl + H,0, 

and crystallizes in prisms with a superb cantharides-green 
metallic luster. It is formed by heating rosaniline acetate 
with methyl chloride and methyl alcohol. 

Besides fuchsine, there is formed by the action of arsenic 
acid^ etc., on aniline containing toluidine, the salt of another 
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base, which on account of its yellow color is called chrysani- 

Crysaniline unites with one and two molecules of acids to 
form salts. 
We haye, then : ' 

Chrysaniline, C8oHi,!N'3 
Eosaniline, 0^ qH^ ^Nj 
Leucaniline, Cgj^Hg^Na 

And from rosaniline : 

Pentamethylrosaniline, C2oHi4(OH3)gN3 [yielding aniline 
Penta-ethylrosaniline, C2oHi4(C2H5)5N3 ) violets. 

Triphenylrosaniline, CgoHj, (053:5)3^3 -I ^^ ^^^ ^^ ^^^ 

Under the name of mauve, a violet dye is met with in 
the arts, which is the hydrochloride of mauvelney Cg^Hg^N^. 
Mauveine is formed by the action of strong oxidizing agents, 
e.g.y potassium chromate, on aniline containing toluidine. Its 
constitution is not known. 

If a solution of aniline in chlorhydric acid is treated with 
cupric chloride and potassium chlorate, a green precipitate is 
formed which becomes still more highly oxidized by the air, 
forming a black. It is called aniline-black. Its composition 
is not known. 

Rosolic Acidy CgoHi^Og, stands in intimate relation with 
rosaniline. Its constitution is either : 



or 



0,H3(CH3)(0HK /C,H, 
OeHJOH) / \6 

C,H,(OHK /C.H 



3~CH, 



It is formed by heating phenol with oxalic acid and sal- 
phnric acid at 150°. It fonus glittering red prisms with a 
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blue or green reflex. It fuses with decomposition over 220°. 
Eedueing agents convert it into leucorosolic acid, CgoH^gOg, 
which crystallizes from glacial acetic acid in thick, colorless 
prisms. . , 

Leucorosolic acid is the trihydroxyl-derivative of diphenyltolyme- 
thane, and rosolic acid is the oxidation product of it. 



Xylene. 

Only the more important of the benzene derivatives which 
contain more hydrocarbon rests than one methyl, will be con- 
sidered. When two H's of benzene are substituted by methyl- 
groups, three isomeric dimethylbenzenes are obtained : 

^6^4(0113)2, or OgHjo, 

which are also isomeric with ethylbenzene : 

C'eHg'OgHg, or OqHiq. 

The dimethylbenzenes can be produced artificially. They occur, to- 
gether with benzene and toluene, in coal-tar, and are called xylenes, 
Ethylbenzene can only be obtained artificially. Dimethylbenzenes are 
formed from the corresponding chlor- or bromtoluenes by the action of 
methyl iodide and sodium ; ethylbenzene from chlorbenzene, ethyl iodide 
and sodium. The xylenes boil at about 140°, ethyl benzene at 134°. 

They resemble benzene and toluene in their properties. Chlor-, brom-, 
and iodo-derivatives of them are known. 

The phenols of xylene and ethylbenzene are partly known. They pos- 
sess the characteristic properties of phenols, and are so little different 
from ordinary phenol, that they may be omitted. For similar reasons 

Ch'oH' ^^^^^ alcdhol, 
will not be further considered. 

The acids derived from xylene and ethylbenzene, however, 
possess a greater interest : 

^e^^^CO^ff ^•^*<CO'J ^^* CeHrOHrCO.H. 
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If a dimethylbenzene' is treated with oxidizing agents, the 
methyl is oxidized into carboxyl, and there is produced, ac- 
cording to the energy of the oxidation : 

CgH^ \ qq5h^ Toluic acid, 
or CgH^ -j rjQQ2> Phthalic acid. 

By oxidation of ethylbenzene, however, the carbon atom 
which is united to the benzene-nucleus is oxidized so that 
carbonic acid and benzoic acids are obtained : 

CeHg-CHjj-CHg +302 = CgHgCOOH + 00^ + 2 H^O. 

There is, however, an acid known which is isomeric with the 
three toluic acids, and which is a derivative of ethylbenzene, 
viz., phenylacetic acid, or alphatoluic acid : 

m 

CeHg-CHg-COOH. 

There are hence three toluic acids and three phthalic 
acids, and, in addition, the alphatoluic acid. Orthotoluic acid, 
CgHgOg, forms long fine needles fusing at 102°, metatoluic 
acid, needles fusing at 109°, and paratoluic acid, colorless 
needles fusing at 178°. 

Alphatoluic Acidic obtained by boiling benzyl cyanide with 
potassa, and forms leaflets resembling benzoic acid, which 
fuse at 76.5° and boil without decomposition at 261-262°. 

By oxidation with potassium chromate and sulphuric acid, 
the three toluic acids are converted into the three correspond- 
ing phthalic acids, while the alphatoluic acid is transformed 
into benzoic acid. 

Plienylglycollic, or Mandelic AcidyG ^'E,^~GK{01S.yG00^, 
is a derivative of alphatoluic acid, or pJienylacetic acid, and 
stands in the same relation to phenylacetic acid as glycollio 
acid to acetic acid : 
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C,HB-CHg-COOH O.H -OH(OH)-COOH 

Benzoic acid Phenylglycollic acid 

H"CH "COOH H-CH(OH)"COOH. 

Acetic acid Glycollic acid 

Mandelic acid is formed by boiling a mixture of benzalde- 
hyde and eyanhydric acid with chlorhydric acid : 

CeHg'CHO + CNH + 2 HgO = CeH5-CH(0H)"C00H 

+ NH3, 

the reaction being analogous to the formation of lactic acid 
from acetaldehyde. It crystallizes in tablets or prisms fusiiig 
at 115°. 

It is converted into phenylglyoxylic acid by oxidation with dilute 
nitric acid. On further oxidation it passes into benzaldehyde and car- 
bonic acid, and finally into benzoic acid. lodohydric acid reduces it to 
alphatoluic acid. 

Phenylglyoocylic acid, CeHs'CO'COOH, can also be obtained by the 
decomposition of benzoyl cyanide. It forms crystals fusing at 66°. 

When the toluic acids are treated with oxidizing agents, the 
second methyl group is, as we have seen, also oxidized to car- 

<COOH 
COOH' 

These dicarboxylic acids of benzene are cd^edi phthalic acids. 

They are dibasic, and exist in three isomeric modifications. 

1) Phthalic Acid, C^H^ j \ coQH^ orCsHeO^. This acid 

is best obtained by the oxidation with nitric acid of a hydro- 
carbon, naphthalene, O^oHg, which we shall meet later on. 
It crystallizes in glittering leaflets which are quite easily solu- 
ble in hot water. It is a dibasic acid. It fuses at 17S°, de- 
composing into water and phthalic anhydride, CgH^^ qq NO. 

Numerous chlorine and nitro-substitutions of it are known. 
Phthalic anhydride forms long glittering needles fusing at 
127° and boiling at 277°. 
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( 1 POOH 
2). Isophthalic Acid, OgH^ -Jo cqq tj* is usually made by 

the oxidation of the xylene contained in coal-tar. It crystal- 
lizes in fine needles fusing over 300°, and is diflBcultly soluble 
in hot water. 

3) Terephthalic Acid, CgH^ •< . pqqtt^ ^^ obtained, besides 

isophthalic acid, by the oxidation of the xylene from coal-tar. 
It is an amorphous powder which sublimes at a high tem- 
perature without fusing. 

All three of the phthalic acids yield benzene by distillation 
with lime : 



CcH^(C00H)2 = CeHg + 2 CO 



2- 



Of the numerous other derivatives of the hydrocarbon, 
CgH^o, we shall only mention the amido-compounds. The 
mixture of dimethylbenzenes and xylenes, which are contained 
in coal-tar are converted by the action of nitric acid into nitro- 
xylenes, and these by reduction into amidoxylenes. These 
amidoxylenes, form a mixture of extremely similar bodies 
which have not yet been separated, and hence bear the com- 
mon name of xylidine. Xylidine is an oily liquid boiling at 
216°, and resembling aniline very much. With reagents, it 
yields derivatives analogous to those of aniline. Like aniline, 
xylidine possesses basic properties. 

By treating phthalic anhydride with phenol and concentrated sul- 
phuric acid, phenolphthaleln is formed ; 

c,.H..o. = 8:H:ioi5>c<o:!:>co. 

It is a yellowish- white powder which is soluble in alkalis with a red color. 
On hoiling its alkaline solution with zinc dust, it takes up two atoms of 
hydrogen, yielding phenolphthalin : 

p „ o _C„H4(OH)\p/C«HrCO0H, 
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which crystallizes in small needles^ and is easily oxidized into phenol- 
phthalein. It is soluble in concentrated sulphuric acid, with a reddish 
yellow color. From this solution, water preGi^ii&ieQ pJienolphthcUidin, 
CaoHi40, : 

C.H.(0H)7C— V 
C.H3(0H)-C(0H)/^"°*' 

as a yellowish-green precipitate. PhthcUidin is converted by oxidizing 
agents into pherMlphihalideln,, CaoHi404, which is isomeric with the 
phthalein. 

The various hydroxyl derivatives of benzene, as catechol, resorcinol, 
quinol, orcinol, pyrogallol, etc., behave like phenol. 

The following compounds are of importance : 

Resorcinol-pMhaleln-anhydride, fluorescein : 

P TT o — C6H3(OH)2\ p/C«H4\p^ 

CaoUiaU* - C«H8(0H)a/^\0_/^^' 

which is formed by heating phthalic anhydride with resorcinol at 200". 
It is a yellowish-red powder which is easily soluble in alkalis and alka- 
line carbonates, and in dilute solution possesses a beautiful yellowish- 
green fluorescence. Bromine converts it into tetrabromfltioreseeln, eosin, 
C2oHHBr406, which crystallizes from alcohol in flesh-colored. crystals. It 
is quite a strong dibasic acid and yields beautifully crystalHzable salts. 
Its alcoholic solution, on the smallest addition of an alkali, assumes a 
beautiful yellowish-green fluorescence. The potassium salt, C3oH6Br405K3, 
crystallizes with varying amounts of water, and is a valuable dye. 

On evaporating fluorescein with an excess of sodium hydroxide solu- 
tion, one molecule of resorcinol splits out, and mono-resorcinol-phthaiUlin, 
CmHioOs, is produced. On treating eosin in the same manner, dibromr 
reaorcinolphtlhdleln : 

p rr /C0-CeHBr2(0H)a 
^•^*\COOH 

is obtained. 

On heating pyrogallol with phthalic anhydride at 200"*, galled, 
GsoHmOs : 



<&M:><8'^o. 



is formed. It is a brownish-red powder which dissolves in potassium and 
sodium hydroxide solutions with a blue color, and in ammonia with a 
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yiolet color. It loses the elements of water at 180°, and is converted into 
gcUleln anhydride, CaoHisO?. Nascent hydrogen converts it into gallin, 

CaoHigOT. 

We see from the above, that phthalein is a derivative of triphenyl- 
methane : 

and stands in intimate relation to rosolic acid, and hence also to rosani- 
lina 



Cnmme. 

The derivatives of benzene which contain nine carbon 
atoms are represented by three trimethylbenzenes : 

CeH3(CH3)3, 

three methylethylbenzenes, G^Ti^{G13.^){02B.6)9 and two pro- 
pylbenzenes, CgHg'OgH,. All of them have the general 
formula, Oj^Hjg. 

A mixture of two trimethylbenzenes occurs in coal-tar. 
One is pseudocumene, (1.3. 4). The other, which can also 
be obtained by treating acetone with dehydrating agents, is 
called mesitylene : 

3 CHs-CO'CHg = CcH3(0H3)3 + 3 B.^0. 

fThis peculiar condensation of acetone takes place in the following 
manner. The oxygen of each molecule of acetone unites with two hydro- 
gen atoms of another molecule, forming a double binding between each 
of the molecules. The trimethylbenzene thus produced contains the 
methyls in the 1.3.5 position. 

These hydrocarbons are distinguished chiefly by the differ- 
ences in the properties of their nitro-compounds. Two of 
the methyUthylbenzenes are known. They are made by ethyl- 
ating toluene. 
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Isopropylbenzene, or Cumene, is obtained by distilling cumic 
acid with lime, and also from brombenzene and propyl bro- 
mide. 

According to the energy of the oxidation, the trimethylbenzenes yield 
three oxidation-products : 

/CHs /CH, /GOOH 

CHa^CHa , C.Hs^COOH, CeHs^COOH . 

\COOH \COOH \C00H 

Methylethylbenzene, however, 

p rr /CaHs pi -p- /CH3 /^ tt y/COOH 

^"^*\COOH' ^•^*\COOH' ^»^*\COOH' 

as the ethyl group is oxidized into carboxyl. Propylbenzene yields only 
benzoic acid. 

The three trimethylbenzenes boil between 163-165°; methyl- 
ethylbenzenes from 159-162° ; propylbenzene at 157°, and cn- 
mene at 151°, 

The pseudocumene, which occurs in coal-tar, yields the following pro- 

ducts on oxidation. 

(ICH3 
Xylic acid, CbHs -Is CH3 , or GBHioOa, which crystallizes in prisms 

(4C00H 
fusing at 126^ 

( 1 COOH 
Paraxylic acid, CeHs <S CH3 , or CsHioOa, crystallizing in prisms 

(4 CH, 
fusing at 168°. 

( 1 COOH 
Xylidic acid, CaH, •! 3 CH3 , or CaHsO*, amorphous and fusing' at 

(4 COOH 
282". 

(ICH3 
The mesitylene, CbH, ■! 3 CHs , which is obtained from acetone, yields 

(5CH, 

on oxidation with dilute nitric acid : 

(ICH, 
Mesitylenic acid, C.Hs \ 3 CH, , or CsHioOa, crystallizing in needles 

(5 COOH 

fusing at 166**. 
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itie acid, C«Hs ] \ 



ICH, 
Uvitie Mid, CH. \^ COOH, or CgH804, needles fasing at 288\ 

^ 5 COOH 

(ICOOH 
Trimesic acid, CeHs •< 8 COOH, or CoHeOe, which crystallizes in prisms 

(5 COOH 

soluble in water, fuses at above SOO"* and sublimes without decomposi- 
tion. 

The two other tricarboxylic acids, CsHsOe, isomeric with trimesic 
acid, are also known. They are produced from mellitic acid (see later), 
and are called trimelUtie add (1.2. 4), and hemimellitic add (1.2. 8). 

The third trimethylbenzene has not yet been examined. 

There remains still to be mentioned an acid which is derived 

from paramethylethylbenzene. It is not directly obtainable 

from it, but from di-ethylbenzene. It is ethylbenzoic dcid, 

( C H 
and its formula is, G^^^ < COofe* ^* crystallizes in small 

prisms fusing at 110°. 

From isopropylbenzene is derived hydro-atropic add : 

^•^»"^^\co6h' 

which is formed by the reduction of atropie a>cid (see later). It is a 
liquid boiling at 265°. 

JBenzoprqpionic acidj or hydrodnnamic add : 

CHft-CHrCHrCOOH, 

is a derivative of propylbenzene, although it cannot be directly produced 
from it. It is formed by the action of nascent hydrogen on cinnamic 
acid, and crystallizes in leaflets fusing at 47''. It is easily soluble in hot 
water, and is converted by oxidation into benzaldehyde and benzoic acid. 
Both of these acids are isomeric with xylic, paraxylic, mesitylenic, and 
ethylbenzoic acids. 

From propylbenzene there is also a group of compounds 
derived which occur in nature, and which stand in the same 
relation to propylbenzene as allyl alcohol to its aldehyde, viz., 
cinnyl alcohol, cinnamic aldehyde, and cinnamic acid : 



\^^ 



■ 
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Propane Cumeue 

HOH=OH-CH»(OH) 0,H -OH=CH-OH,(OH) 

Allyl alcohol Cinnyl alcohol 

HCH=OH-OHO 0,H -CH=CH"CHO 

Acrolein Cinnamic aldehyde 

HOH=CH"COOH CeHg "CH=CH"COOH 

Acrylic acid Cinnamic acid 

Liquid storax-balsam contains a body which, when purified 
by boiling the storax with sodium carbonate and crystallizing 
from a mixture of alcohol and ether, forms odorless and taste- 
less needles, fusing at 44°. It is called styracin, and is the 
cinnyl ester of cinnamic acid, CjHjO'C^H^O. On boiling 
with potassa, styracin is decomposed into cinnyl alcohol and 
cinnamic acid : 

0,H,0-C,H,0 + HgO = C,Hi ^0 + C.HgOg. 

Cinnyl Alcohol, CeH5"CH=CH"CH2(OH), or C,HioO, is 
phenylr-allyl alcohol; it is obtained by boiling styracin with 
potassa, and distils over with the steam, forming a colorless 
oil swimming on water. On standing, this oil solidifies to 
long, glittering needles, which have an odor of hyacinths. It 
fuses at 33° and distils unchanged at 250°. Cinnyl alcohol is 
but slightly soluble in water, easily in alcohol and ether. On 
heating with boric anhydride, it is converted into cinnyl ether y 
CgHg'O'CgHj, wWch is a liquid insoluble in water. When 
cinnyl alcohol is digested with gaseous chlorhydric acid, cin- 
namic chloride, or styrylic chloride, CgHg'CH^CH'CHgCl 
= CjjHjCl, is formed. It is an oil insoluble in water, and 
converted by alcoholic ammonia into dnnamine, G^H^iJSll^), 

Cinnyl alcohol is converted by oxidation into cinnamic alde- 
hyde. 

Cinnamic Aldehyde, CgHg'CH^CH'CHO, or C^HgO, is 
formed by the oxidation of cinnyl alcohol, and also by heating 



i 
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a mixture of benzaldehyde and aldehyde with chlorhydric 
acid : 

CeHg-CHO f CHg-CHO = Cl6H5-CH=CH'"CHO + 'R^O. 

We have already had examples, under ordinary aldehyde, of this con- 
densation' of two aldehydes with elimination of water. On digesting 
ordinary aldehyde with chlorhydric acid, water is eliminated, and two 
molecules of aldehyde unite, forming crotonic aldehyde (p. 139): 

CH3-CHO + CH3-CHO = CH3-CH=CH-CHO + H80. 

Cinnamaldehyde occurs in nature as the chief constituent 
of cinnamon-oil, from which it is usually made. It is a color- 
less liquid, insoluble in water and sinking therein. It has the 
odor of cinnamon, and, as it is an aldehyde, it unites with 
acid alkali sulphites, and is oxidized (by the oxygen of the 
air) to cinnamic acid. 

Cinnamic Acid, C6Hb"CH=CH"C00H, or C.HgOg, is 
obtained, besides cinnyl alcohol, from styracin. It is present, 
together with styracin, in liquid storax, and is separated from 
it by treatment with sodium carbonate. The cinnamic acid 
drives out the carbonic acid and forms sodium cinnamate, 
which is soluble in water. Chlorhydric acid precipitates the 
free cinnamic acid from this solution. It also occurs in old 
cinnamon-oil, the cinnamic aldehyde having gradually become 
oxidized into the acid. 

It can be made synthetically by heating benzaldehyde with 
acetic anhydride and dry sodium acetate, in which case the 
latter acts as a dehydrating agent : 

2 CeHg-CHO + (CH3-CO)30 = 2 CeH5-CH=CH-C00H 

+ H2O. 

The homologues of cinnamic acid can also be obtained by this method. 
Benzaldehyde and propionic anhydride give pJienylisocrotonic add, 

CeHrCH=CH-CHu"COOH. 

Benzaldehyde and butyric anhydride, phenylangdic acid, etc. 

It forms prismatic crystals fusing at 133° and boiling at 



'^^ 
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290°. It is difficultly soluble in cold water, easily in hot. 
With chlorine, bromine, iodine, and nitric acid, it yields sub- 
stitution-products. Its carboxyl-hydrogen is easily replaced 
by metals and hydrocarbon rests, forming salts and esters. 

Phosphorus pentachloride converts it into cinnamyl chloride^ 
C^H^OCl, an oil, which with water decomposes into cinnamic 
acid, with ammonia into cinnamyl amide, G^H.^O'SII^. On 
oxidation, it passes into benzaldehyde and benzoic acid. 
Nascent hydrogen conyerts it into hydrocinnamic, or phenyl- 
propionic acid, CeHj'CH^'CHg'COOH. Sodium cinnamate 

and cinnamyl chloride yield cinnamic anhydride,Q^^QyO, 

a colorless crystalline mass fusing at 127°, which also forms 
numerous substitution-products. 

When cinnamic acid is heated with lime, it breaks, analo- 
gously to benzoic acid, into carbonic acid and a hydrocarbon, 
styrolene, or phenylethylenCj CgHj : 

CjHgO^ = CgHg + OOg* 

Styrolene, Styrol, or Cinnamene, C^jHj'OH^CHg, or CgHg, 
occurs in liquid storax, and is a colorless, strongly refractive 
liquid with an odor resembling that of benzene. It boils at 
146° and is insoluble in water. When heated to 200° in closed 
vessels, it is converted into a solid and odorless mass, which is 
an isomeric styrolene, jknown as metastyrohne. Its formula is 
probably 3 O^Hg. At 320°, it is transformed back into ordi- 
nary styrolene. When styrolene is heated to 170° with chlor- 
liydric acid, it is converted into an oily liquid, which is prob- 
ably 2 CgHg distyrolene. Nitric acid converts styrolene into 
nitro-compounds. Bromine yields two addition-compounds, 
CgHgBrg, which, on heating with alcoholic potassa, are con- 
verted into bromstyrolene, CgH^Br, and then into phenyl- 
acetylene, CgHg = CgHg'CsCH, an oil which boils at 140°. 

There are two esters of cinnamic acid which occur in nature, 
viz. : 
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1) Benzyldnnamic Ester ^ or Cinnamein, C9H,02 . C,H,. 
It occurs in balsams of Peru and Tolu. It forms small, glit- 
tering prisms with a pleasant odor and a sharp, spicy taste^ 
which fuse at 39°. 

2) CinnamylCinnamicEstery or Styracin, G ^^^02 . CgH^, 
is also contained in liquid storax. It forms small, colorless 
needles without taste or smell, fusing at 44°. 

Oumaric Acid, Hydroxydnnamic Acid, 



CoHftO, = C«H^ -j 



3^3 - kj^il^ ^ 2 CH=CH-OOOH' 



stands in intimate relation to cinnamic acid. It is obtained 
from cumarin (see later) and crystallizes in colorless needles 
fusing at 195°, and soluble in hot water. On fusion with 
potassium hydroxide, it yields acetic and salicylic acids : 

^^^^2 CH=CH-C02H + 2^H0 = CgH^ | ^ ^^^g- 

+ CH3-CO2K + H2. 

Cumaric Anhydride, or Oumarin, OgH^ -J r<TT=nH^O^ ^^" 

curs in many plants {Asperula odorata), and especially in the 
tonka-bean. It is produced synthetically from the^sodium 
compound of salicylic aldehyde and acetic anhydride. 

The acetyl compound of salicyl aldehyde, together with 
sodium acetate are first formed : 

p XT /ONa , CHaCOX^^ _ p TT /0"C0"CH3 

+ CH3"C02Na. 

The former compound splits out a molecule of water at a high 
temperature, forming cumarin : * 



* We have already had occasion to notice this elimination of water in 
aldehydes in the case of the artificial production of cinnamaldehyde. It 
occurs with aromatic compounds only when there are two side-chains in j 

the ortho-position present. 



\ 
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r IT /0-C0-CH3 _ p XT i 0-CO-GH , ^ ^ 

Cumarin 

CumariUy C^HgOg, forms colorless columnar crystals, fusing 
at 67° and boiling at 390°. It possesses a strong odor, which 
in the dilute state resembles that of the woodward. When 
boiled with potassa, it takes up water and is converted into 
cumaric acid. 

By the action of nascent hydrogen, it takes up a molecule of 
hydrogen and a molecule of water, and is changed into meli- 
lotic acid, C^H^oOg, 

CjHgOg +H80 +H2 = CgHj^jOg. 

Melilotic, or Hydrocumaric ^cf 6? stands in the same relation 
to cumaric acid as hydrocinnamic acid to cinnamic acid. It 
occurs with cumarin in sweet clover, from which it is obtained. 
It forms long colorless needles fusing at 82°, which are some- 
what soluble in water. On distillation, it splits out water 
forming the anhydride : 

CgH^ \ Qjj -Qu -^Q Hydrocumarin, 

Since cumarin can be produced artificially from sodium 
salicyl aldehyde and acetic anhydride, the hoinologues of cuma- 
rin can also be obtained by taking instead of acetic anhydride, 
propionic anhydride, butyric anhydride, etc. 

From a glucoside (see later) which occurs in coffee, and is 
called caffetannic acid, there is obtained an acid, O9H8O4 
= CgH3(OH)2CH=CH"COOH, caffeic acid, or dihydroxycin- 
namic acid. It crystallizes in yellow leaflets, which are colored 
grass-green by ferric chloride. Fusing potassium hydroxide 
converts it into protocatechuic acid, CgH3(0H)gC00H, and 
acetic acid. By the action of nascent hydrogen, it is trans- 
formed into hydrocaffeic acid, C ^ H j ^ 4 . 

Umbelliferon, C^HgOs, contains one more atom of oxygen 
than cumarin. It exists ready formed in spurge-laurel, and 
18 
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can be obtained by the distillation of the resins obtained from 
the umbellifers (gum asafoetida, galbanum, etc.). Its con- 

/O^^ 

stitution is OflH,^— i , and its relation to cumarin 

\CH=CH"CO 

is the same as that of hydroxybenzoic acid to benzoic acid. It 

forms prisms fusing at 240" which, when fused with potassium 

hydroxide, yield resorcinol, CgH4(0H)g, and are converted by 

nascent hydrogen into hydro-unibelUc acid, 

C,H,oO^ = CcH3(OH),CH8CH8COOH, 

an isomer of hydrocaffeic acid : 

Cg^cOs + HgO + Hg = CjHjoO^. 

Daphnetin, C8H6O4, which is formed from daphnin, and aeaevletinj 
CBHs04,from aesculin, are also to be considered as dioxycumarins. (Com- 
pare glucosides.) 



Cymene. 

There are only a few of the theoretically possible hydrocar- 
bons with ten atoms of carbon known. 

1) TetramethyJhenzene, CeH2{CH8)4, durene, is formed from mono- 
brompseudocumene and methyl iodide. It fuses at 79" and boils at 190°. 

2) DimethyUeihyl-bemene, CeH3(CH8)a(C2H6), is obtained from mono- 
bromxylene and ethyl iodide. It boils at 184°. 

3) Di-ethyl-benzene, CaH4(C2H6)a, is produced from monobromethyl- 
benzene and ethyl iodide. It boils at 178°. 

4) Methyhpropyl'benzene, Cymene, CeH^ ] C H ' ^lo^ia^ 

occurs in nature. It is contained in many essential oils, and 
is formed when essential oils of the formula CioH^c, are 
heated with iodine, or when their dibromides are treated 
with alcoholic potassa. It is also formed by heating camphor 
with phosphorus sulphide. It is a liquid boiling at 175°, 
which yields on oxidation paratoluic and terephthalic acids. 
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5) Butylhenzene cmd Isobutylbenzene, C8H6*C4no, are formed from 
brombenzene and the butyl bromides. They are liquids boiling at ISO"* 
and 167". 

Thymol is the phenol of cymene, CeH, 42 CHj = CioHi^O Thymol 

(5C3HT 

is a constituent of thyme-oil, and crystallizes in thin leaflets with a char- 
acteristic odor and burning taste. It fuses at 44° and boils at 230"* 
Among the other derivatives of cymene are: 

Cymyl alcohol, CeH* |^^'^^, 

Q u 9 and 
Cumic acid, CeH4 ] q g " 

Cumic Aldehyde occurs in Roman caraway-oiL The alcohol and acid 
have been produced from it. 

Cymyl Alcohol, or Cymol, is a liquid with a pleasant odor boiling at 
243". Cumic aldehyde is an oil with an agreeable odor boiling at 237°. 
Cumic Add forms long colorless needles, which fuse at 114° and sublime. 

The three possible tetracarboxylic acids of benzene are all 
known. They are obtained from mellitic acid, and are known 
as pyromellitic ttcid, phrenitic add, and mellaphanic acid, 
CeHg(COOH)^. 

Still less is known about the aromatic hydrocarbons contain- 
ing twelve atoms of carbon directly united. To this series 
belongs hexamethylbenzene, Cg(CH3)g, a body fusing at 150*" 
and boiling at 260°. From it is derived the hexacarboxylic 
acid, mellitic acid, Cj(COOH)g. 

Mellitic Acid, Ci^HeOjo, is found as a mineral, under the 
name of mellite, or honeystone (aluminum mellitate), in lig- 
nite beds. The acid crystallizes in fine needles which fuse on 
heating, and by distillation break into carbonic acid and 
pyromellitic acid : 

C,,H,Oi, = C,oHe03 + 2CO,. 

When distilled with lime, it yields benzene and calcium 
carbonate. 



1 
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Rednetioii of the Benzene DeriyatiTes. 

As we haye already seen^ each carbon atom of the benzene 
nucleus is united to two other carbon atoms^ to one by a single 
bindings to the other by a double binding. 

H 

/\ 

HC CH 

II I 
HC CH 

H 

Under the proper conditions, the double bindings can be 
either partly or wholly dissolved, and bodies thus obtained 
which are derivatives of the following hydrocarbons : 

Hg Hg Hg 

/\ /\ y\ 

HC CHg HC CHg HgC CHg 
HO 6h HC OH, H,6 CH, 

\g^ \c/ \o/ • 

H Hg Hg 

CeHg; CjHij,; CjHjg; 



In all of these cases, however, the benzene nucleus remains 
unbroken. As yet, the benzene nucleus has not been opened, 
without the entire molecule breaking up. 

*The addition of hydrogen to benzene cannot be effected by 
the action of any reducing agent. Addition products with 
chlorine, however, are easily produced. When chlorine is led 
into benzene, benzene hexachloride, CgH^Cle, is formed : 
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HCl 



CI 
H 



cix 5^01 
\c/ 

CIH 



Hypochlorons acid, HOlO, acts like chlorine, dissolving the 
double bindings. If benzene is added to an aqueous solution 
of hypochlojous acid, a body, CjEjClgOa, is produced : 



C.H, + 3 HCIO = CeH.CLO, 



3> 



or C,HgCl3(0H)3. On treatment of this substance with 
KOH, the three chlorine atoms are replaced by hydroxyls, 
ioTming phetwse, 0,H,(OH), = C,HjjO,, a bo&y constituted 
similai'ly to glucose. 
The constitution of these bodies is : 



OHH 

ci/ \ci 

HV YH 

ohJ, Aoh 

HV /H 
CIH 

Trichlorphenose 



OHH 

or/ \oh 

HY YH 
OH J, iOH 

HY /H 

\c/ 

HOH 

Phenose 



Phenose is not fermentable. 

Although benzene cannot be reduced by hydrogen, i.e. the 
hydrogen has not the power to dissolve the double bindings of 
benzene, a reduction takes place when the hydrogen of the 
nucleus is partly replaced by carboxyl- or methyl-groups. 
Phthalic acid, for instance, yields three reduction-products 
(hydrophthalic acids) : 



T 
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PhthalicAcid, CeH^CCOgH)^, 

Hydro-phthalic Acid, 05115(00211)2 = Phthalic acid 

+ 2H 
Tetra-hydro-phthalic Acidy 08H8(002H)2 = Phthalic acid 

+ 4H 
Hexa-hydrO'iiihthalic Acid, (j^^^^QO^Q)^ = Phthalic acid 

+ 6H. 

Benzoic acid, O^Hg'OOOH, yields with sodium amalgam, 
hydrohenzoic acid, OgH^OOOH = 0,11^^02, which is a vola- 
tile acid, liquid at ordinary temperatures, and converted back 
into benzoic acid by the action of the oxygen of the air. 

Hydrohenzoic acid is benzoic acid to which four hydrogen atoms have 
been added: 

Phthalift acid and terephthalic acid give with sodium omsl- 
gam. hydrO'phtlialic acid Rud hydro-terephthalic acid, Gr^JI^O^. 
Both are solid compounds, and, as diabasic acids, form two 
series of salts. 

By heating phthalic acid with iodohydric acid (which acts 
as an energetic reducing agent at a high temperature) to 250% 
Aexahydro-phfhalic acid, OgH^gO^, is obtained. By another 
method (by distillation of hydropyromellitic acid) tetra-hydro- 
phthalic acid, OgHjoO^, has been obtained. 

Tetrahydrophthalic aoid takes up a molecule of bromine, forming the 
acid, Ce»H,oBr204. The bromine atoms in this derivative can be replaced 
by hydroxyls, yielding bromo-malo-phthcUie acid, CbHioBr(OH)04, and 
tariro-phthdlic acid, C8Hio(OH)204. 

Both of these acids owe their names to their antilogy to brom-mallc 
acid and tartaric acid : 

HCBr — COaH ' /CBr — CO2H 

HC(OH)-COaH ' '\C(OH)-CO.,H 

Brommalic acid firomomalophthalic acid 

HC(0H)-C0.2H /C(0H)-C02H 

HC(0H)-C02H ' \C(OH)"CO.,H 

Tartaric acid Tartroplithalic acid 
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The hexahydrophthfdic acid is an analogue of succinic acid* 



HCH-CO2H 
HCfl-COaH 

Succinic acid 



/CH-COaH 

C4H8/ I 

\CH-COaH- 
Hexahydropbthalic acid 



Pyromellitic acid, CgHg(C02H)4 = CjoHgOg, is reduced 
to hydropyromelUtic acid, C^jHigOg, and mellitic acid, 
G^{GOz'E.)q = Cj gHgOj g, to hydromelUtic acid, C j gH^ gO^ g. 

The hydrocarbons derived from benzene act differently on 
reduction from benzene. The carboxylated benzene takes up 
enough hydrogen to break all the three double bindings into 
simple ones, but methylbenzene (toluene) takes up only two 
atoms of hydrogen, dimethylbenzene (xylene) four, while tri- 
methylbenzene (mesitylene) takes up six. 



Benzene, 


CeHg 






Toluene, 


O^Hg 


becomes 


C,Hij> 


Xylene, 


C^s^iio 


becomes 


^8^14 


Mesitylene, 


C9H12 


becomes 


C,H,3 



Indigo. 

All the benzene derivatives, whose constitution allowed of 
their introduction into the system, having been considered, 
we come now to a class of compounds which are very impor- 
tant in technology, and which are so complicated that they 
cannot well be classified under any of the series which have 
been explained. They form the indigo group. 

In various plants (species of indigo, Isatis tinctoria, and 
woad. Polygonum tinctorium, etc.), there occurs a substance 
of a glucoside nature, which, on fermentation or by boiling 
with acids, is decomposed into sugar and indigo-white. The 
body which occurs ready formed in plants is called indican. 

The indigo-white, which is formed from it when exposed to 
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the air, is, after a time, converted back into indigo-ilue. The 
indigo of commerce consists of several substances. 

Indigo-Blue, Oi^Hij^NgOg, is obtained in the pure state 
either by careful sublimation of commercial indigo, or from 
indigo-white, or by methods which will be mentioned farther 
on. It is a pure blue, tasteless, odorless powder, which is in- 
soluble in water, alcohol, ether, and dilute acids and alkalis. 
At 300° it partially decomposes, giving off. purplish-red vapors 
which condense to glittering deep copper-colored prisms. On 
boiling with potassa. and powdered manganese di-oxide, it is 
converted into anthranilic acid. Distillation with potassium 
hydroxide resolves it into aniline. Fuming, as well as very 
concentrated sulphuric acid dissolves it with the formation of 
sulphonic acids. This solution is used in dyeing. Indigo- 
blue forms two compounds with sulphuric acid, viz. : 

C,eH,N20,.HS03, 

sulphopurpuric acid, andCigHgNgOg . 2 HSO3, indigotindi- 
sulphonic acid. The former is insoluble in dilute acids, the 
latter soluble. By adding water, therefore, to a solution of 
indigo-blue in sulphuric acid, the sulphopurpuric ,acid is pre- 
cipitated, while the indigotindisulphonic acid remains in 
solution. 

Indigo-blue, when treated with reducing agents (H^S, 
FeS04, etc.), in the presence of alkalis, takes up a molecule 
of hydrogen, loses its blue color, and is converted into 
indigo-white : 

Indigo-white is changed into indigo-blue by exposure to the 
air. On treating the indigo-blue with stronger reducing 
agents, however (tin and chlorhydric acid), the reduction goes 
further, and a yellow body is obtained combined with the 
tin, which takes up oxygen from the air and becomes red. 
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On account of its great instability it has not been thoroughly 
examined. It cannot be converted back into indigo-blue. 

Indigo-White, Oj^jHigNgOg, is yellow, odorless, and taste- 
less. It is insoluble in water, soluble in alcohol and alkalis. 

When indigo-blue is oxidized with nitric or chromic acid, it 
takes up oxygen and passes into isatin, O^^K^qN^O^ : 

C.eH.oNgOg + 0, = 0,eH,oNgO,. 

Isatin, G^^H^qIS^O^, or CgHgNOg, forms reddish-brown, 
odorless and bitter prisms, which are slightly soluble in alcohol 
and water, and easily soluble in alcohol. It fuses on heating, 
and volatilizes with partial decomposition. Chlorine and bro- 
mine yield substitution-products with it; nitric acid destroys 
it. It is soluble in cold potassa-lye with a violet color. On 
warming this solution, the isatin takes up a molecule of 
water, the solution becomes yellow, and the potassium salt 
of isatinic acid, Oj jHi^NgOg, or CgH^NOg, is formed : 

O3H5NO8 + HgO = OsH^NOj. 

On heating isatin with potassium hydroxide, it is decom- 
posed into aniline and carbonic acid : 

CgHgNOg + 4 KOH = CeH^N + 2 K^COj + H,. 

Isatin unites with acid alkali sulphites to form crystal- 
line compounds (we shall see later on that it is a ketone). 

Reducing agents act on isatin in two ways, viz., by the ad- 
dition of hydrogen, and the abstraction of oxygen. 

laatid, CiaHi2Na04, is a dirty-white powder insoluble in water. It is 
formed by the action of zinc and chlorhydric acid on isatin. It yields 
substitution-products. 

Dioonndole, CHH7N0a, is formed from isatin by the action of sodium 
amalgam. It crystallizes in yellow prisms which are quite easily soluble 
in hot water. It forms compounds with metals, with which it also yields 
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substitutions of four atoms of hydrogen. If the reduction of isatin with 
sodium amalgam takes place in an acid solution, the reduction goes far- 
ther, forming 

Oxindole, CsHiNO. It crystallizes in colorless needles fusing at 120'', 
is easily soluble in hot water, and can be distilled without decomposition. 
It yields compounds with metals and with acids. 

Indole, CfHiN, is formed by the distillation of oxindole over zinc dust. 
It has the unpleasant odor of excrement, fuses at 52", is crystalline, and 
can be distilled with but little decomposition. It colors a slip of pine 
wood moistened with chlorhydric acid, cherry-red. It occurs in human 
excrement, and can be obtained also by the decomposition of albumen. 

In the urine of mammals, a substance occurs called tndiecm, which is 
indoxylsulphuriG acid, CbH6N"S04H. When moistened with chlorhydric 
acid and exposed to the air, it yields indigo-blue. 

By the reduction of isatin, not, however, by* nascent hy- 
drogen, in which case hydrogen adds on, but by abstraction 
of oxygen, which is effected by a solution of phosphorus in 
phosphorus chloride, indigo-blue is regenerated. 

Indigo-blue and a number of its derivatives have been pro- 
duced synthetically. Indole is formed by leading di-ethyl- 
toluidine through a red-hot tube, and by heating orthonitro- 
cinnamic acid with potassium hydroxide and iron filings. 
Oxindole is obtained by reducing orthonitropbenylacetic acid, 

CgH^ i PH^TO TT^ ^^^ ^^ ^^® anhydride of amidophenyl- 
acetic acid, CgH^ J r^^^pf.' Nitrous acid converts oxindole 
into nitrosO'Oxindole, CgH^ i c^(^n\~^n^ which on reduc- 
tion, affords amido-oxindole, O-H. \ ^^fT/TtrTT \-A^ • Amido- 
y > 6 4 I CH(KH2) CO 

oxindole yields on oxidation with ferric chloride, cupric chlo- 
ride, etc., isatin, C6H4 i j^^\^^, which by treatment with 

l)hosphorus pentachloride gives CgH^ -J piL\,p, . This com- 
^^'^"^ ' y ediately splits out a molecule of HCl, forming : 
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which gives indigo-blue on reduction. Prom isatin there are 
also derived isatinic acid^O^H^^ < CO"*CO H!* *^^ dioxindole : 

p ^ ( NH [ 

^«^MCH(OH)"CO- 

Indole is probably C^H^ -j rij£==Qg- 
By treating orthonitrocinnamic acid with bromine, the di- 

bromide, ^%^4\Q^%^'QYiBv~C0 H^^^ produced, which 
with sodium hydroxide yields orthonitrophenylpropiolic acid, 
CgH^/^Q^Q^-QQ -CT. By the action of a weak reducing agent 
(grape-sugar) on this acid indigo-blue is formed : 
2 C^HglfO^ + 2 Hjj = Cj eHi oN^Og + 2 H^O + 2 CO^, 

By the action of sodium hydroxide alone, isatin is formed. 

By treating orthonitrophenylpropiolic ethyl ester with con- 
centrated sulphuric acid. It is converted into the isomeric 
isatogenic ethyl ester : 

Owing to its instability the free a^id has not been obtained. 
Isatogenic ester on reduction is converted into indoxylic 
ethyl ester : 

OH 

C ^ 
OeH,<^ I ^6-C0,C,H„ 

thick, colorless prisms fusing at 120-121°. When heated with 



1 
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concentrated sulphuric acid, it passes into indigo-sulphonic 
acid. 

The ethoxyindoxylic ethyl ester : 

OC,H, 

b ^ 

has been obtained in the form of lai^e colorless crystals fusing 
at 98°. On saponifying indoxylic ethyl ester, indoxylic acid: 

OH 

C ? 
OeH^<(^ I \C"COOH, 

fusing at 122-123°, is formed. By the action of acid oxidizing 
agents, it is converted into indigo-blue. By boiling the ester 
with alcoholic baryta and acidifying, glittering leaflets of 
ethoxyindoxylic acid : 

OC,H, 

C ? 
CeH^/ I \C"C00H, 

fusing at 160°, are obtained. On warming with a solution of 
ferric chloride and HCl, it loses its ethyl group and is con- 
verted into indigo-blue. The ethoxyindoxylic acid behaves 
with nitrous acid like oxindole, yielding ethoxy-nitroso-indoz- 
ylic acid: 

0-H.< I >0-COOH, 
in the form of golden-yellow needles. On reduction, it yields. 
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like oxindol, an amido-compound which gives on oxidation, 
isatin. Indoxylic acid when heated to fusion evolyes COg, 
and affords an oil which is probably indoxyl : 

OH 

Ethoxyindoxylic acid, however, also evolves COg on fusion, 
and yields an oil possessing the odor of indol, which is ethoxy- 
indoxyl : 

00,H, 

I 

c 



0,H,<(|NCH,. 



OrthonitrophenylpropioHc acid is converted by boiling with 
water into orthonitropJienylacetylene. By exposing the latter 
in the form of its cuprous oxide compound to the action of an 
alkaline solution of potassium ferricyanide, it is changed into 
orthodinitrodiphenyldiacetylene: 



n TT /C=C C=C\p TT 
^«^^\N0gN0g/^«^*' 



which is the dinitro-derivative of the hydrocarbon from which 
indoxyl is derived, viz., diacetylenephenyl : 

CeHrC=C-C=C-CeH5. 

The dinitro-compound is converted by the action of cone, 
sulphuric acid into diisatogen, C^gHgNgO^, which by the 
action of reducing agents is changed into indigo-blue : 

C, .HgN.O, - 0, + H; = C, ,H, „N,0,. 
The formation of indigo-blue from orthonitrophenylpro- 



\ 

I 
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piolic acid is, then, dependent on the formation of the inter- 
mediate compound, indoxyl : 

P TT /C=0-COOH 

OrthoDitropbeny]propioIic acid 

OH 

I 

.0 



O.H, 



Indoxyl 

OH OH 

C.H,<^>OH-CH<^>O.H,. 

-^^ Indigo-white -^^ 







0,H,<J^>CH-CH<J^>O.H,. 

-^^ Indlgo-blue -^ 

The formation of indigo-blue from diisatogen is probably as 
follows : 

•^ Diisatogen ^ 

g/ No 



= o.ny I Nch-ch/j No.H,. 



The constitution of the blue is more apparent when ex- 
pressed : 

N CH"CH N 

CeH^— 0—0—0— d^—b^H^. 



i 
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Attention has frequently, been drawn to the easy substituti- 
bility of the hydrogen of benzene and its derivatives, by other 
elements and atomic groups. The ease with which the hy- 
drogen of benzene is replaced gives rise to a series of reactions 
which as yet have not received particular attention. On pass- 
ing benzene through a red-hot tube, diphenyl, CgHg"CeH^, 
(p. 204) is formed, i.e.y an H of the benzene, is replaced by 
another benzene rest while hydrogen is set free. Phenol on 

C H ""OH 

fusion with potassium hydroxide yields diphenoly ,'/tt*-^tt • 

2 OeH.OH = CeH,(OH)-CeH,(OH) + H„ 

and hydrazobenzene, OgHg'NH'NH'CgHg, is converted by 

acids into benzidine, i '^ ^ ^ (p. 224). By the action of 

methyl chloride, etc., on benzene in presence of aluminum 
chloride, chlprhydric acid is evolved, the chlorine of the 
methyl chloride unites with the hydrogen of the benzene, and 
methylbenzene, dimethylbenzene, etc., up to hexamethyl- 
benzene are formed (p. 275). 

When sulphuric acid is allowed to act on a mixture of ben- 
zene, phenol, etc., with an aldehyde, the oxygen of the alde- 
hyde unites with the hydrogen of the benzene, forming water 
and condensation products : 

CH3-CHO + 2 CeHe = H,0 + CH3-CH<^g6H5^ 

Diphenylethylidene 



Acid anhydrides also react on benzene and its derivatives in 
presence of sulphuric acid, forming condensation products : 

O.HyggNo + 2 C.H.OH = C,Hy^<^\0 

0-=(C,H,OH), 

Phenol phthaleln 

The phthaleins are produced by this method. The most 
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interesting of these reactions is the condensation of a mixture 
of aniline and ortho- orparatoluidine or its homologues. Two 
hydrogen atoms of the methyl and 2 H's of the two benzene 
rests are oxidized to water, and a triamidoderivative of tri- 
phenylmethane is formed : 






H 



This compound is paraleucaniline, and is conyerted at once 
by further oxidation into the amide : 

g:g:P:!>o<!:!!>H. 

or its salts, pararosaniline (p. 259). 

This condensation and the consequent union of several ben- 
zene rests, either directly to each other or indirectly by means 
of methyl or ethyl rests, also takes place, as we have seen, by 
exposing benzene and its derivatives to a high heat. It is 
from this reason that diphenyl and other hydrocarbons which 
will be mentioned later, as naphthalene, anthracene, phenan- 
threne, chrysene, etc., exist in coal-tar. 

Among the condensation products which have not yet been mentioned 
dkxe fltborene, or diphenylenemethane^ i ' * yCHa, which is found in coal- 

tar, and has also been produced synthetically. It fuses at 118° and boils at 

295°. Diphenylbenzene, C8H5"CaH4"C«H5, which is formed by leading 

a mixture of benzene and phenol through a heated tube (f. p. 205°), and 

C H \ 
earhazol, i* *\nH, which is found in coal-tar. Lastly acridine, 

GiaHoN, which is isomeric with carbazoL 



* Retrospect. 

In reviewing the compounds derived from benzene^ we are 
struck by the abundance of isomers which the higher substi- 
tuted benzenes yield, and also by the differences in the char- 
acteristic properties which exist between the substitution- 
products of the aromatic bodies and those of the fatty series. 
The aromatic chlorides, bromides, and iodides (so long as the 
halogen is not in the side-chain), are far more stable than 
their analogues in the fatty series. The hydroxyl derivatives 
are more stable than the alcohols, and in many relations re- 
semble acids. Sulphuric and nitric acids convert the aro- 
matic compounds with great ease into sulphonic acids (substi- 
tutions of the rest SOgOH) or sulphones (the rest SOg) and 
nitro-compounds (substitutions of the rest N"Og). 

The following is a list of the more important derivatives of 
benzene arranged in series. 

Hydroxyl Derivatives. 

1. Monohydroxyl derivatives : 

CcHg(OH), Phenol. 

2. Dihydroxyl derivatives : 

0gH4(0H)2, Resordnoly Catechol, QuinoL 

3. Trihydroxyl derivatives : 

CgH3(OH)3, Pyrogallol, Phlorogludnoh 

The third is not known, nor have any higher hydroxyl de- 
rivatives been obtained. 

19 289 
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Oarboxyl Deriyatives. 

1. Mouocarbozylic acids : 

OjHj'COgH, Benzoic acid* 

2. Dicarboxylic acids : 

1) CeH^ I \ ^^«§, PUhalic acid. 

2) CjH^ -J Q Qo^H* Isophthalic acid. 

3) OeH^ < . CO*H' Terephthalic acid. 

3. Tricarboxylic acids : CgH3(00gH)3 : 

1) 1.2.3. Hemimellitic add. 

2) 1.2.4. Trimellitic acid. 

3) 1.3.6. Trimesinic acid. 

4. Tetracarboxylic acids : C^'R^{GO^'E)^ : 

1) Pyromellitic acid. 

2) Phrenitic acid. 

3) Mellophanic acid. 

6. Pentacarboxylic acids : (nnknown). 
6. Hexacarboxylic acids : 

CcCOOgH),, MelUtic add. 
In otlier series are : 

1. Phenylformic acid : 

, H 5 "00 jj H, Benzoic add. 

2. Phenylacetic acid : • 

CjHg'CHgOOjH, AlpJiatoluic add. 

3. Phenylgljcollic acid : 

OeHg-CH(OH)OOjH, Mandelic acid. 
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4. Phenylpropionic acid : 

CgHg'CHg'CHg'CO^H, Hydrocinnamic add. 

6. Phenylacrylic acid : 

CeHg'OH^CH'OOgH, Cinnamic acid. 



Hydrocarbons, 



1. 
2. 
3. 

4. 

5. 

6. 

7. 

8. 
9. 

10. 
11. 

12. 
13. 

14. 



Benzene, C-H., 



B. 



Methylbenzene, toluene, OgHgCHj = C^Hg, 

Ethylbenzene, C^H^'CgHg = CgH^o, 
j Propylbenzene, C^Hg'CgH, = CjHjg, 
( Isopropylbenzene, cumene, G^^^'O^'B.^y 
j Butylbenzene, G^^^'G^IL^ = OjoHj^, 
( Isobutylbenzene, G^'R^'Cfi^, 

Amylbenzene, CgHg'OgHu = CuHij, 
j Dimethylbenzene, xylene, 
^ 05114(0113)2 = OgHjo^ 

Methylethylbenzene, ^ H 5 (C ^ H g ) (CH 3 ), 
j Methylpropylbenzene, cymene, 

\ 0,H,(CH3)(C3H,) = C,H,2, 

Diethylbenzene, G^B.^{G^'R^)^ = G^qH^^, 

j Methylamylbenzene, 

\ 0,H,(OH,)(C,H,J = C,,H,„ 

Trimethylbenzene,* 0^113 (CH3)3 = CjHjg, 
j Dimethylethylbenzene, ethylxylene, 
t 0,H3(CH3),(0,H,) = 0„H,„ 

( Dimethylamylbenzene, amylxylene, 
^ CljH3(CH3)gC5Hii =Cj3Hgo, 



p. 82°. 
111°. 
134°. 
157°. 
151°. 
180°. 
167°. 
193°. 



} 
} 



140°. 

160°. 
175°. 

178°. 
213°. 

166°. 
184°. 

233°. 



* Mesitylene and the pseudocumene of coal-tar. 



Naphthalene. 

There is found in coal-tar^ besides benzene and its methyl- 
substitutions, a very large amount of another hydrocarbon 
which is always formed when organic substances, even of the 
simplest constitution, as alcohol, acetic acid, etc., are exposed 
to a red heat in the absence of air. This body is naphthalene, 
CjoHg, a deriyative of benzene, and of the following con- 
stitution : 

H H 

HO C OH OH=CH-C"CH=CH 
HO OH CH=0H-6"0H=CH 

Xo/Xo/' 

H H 

It is a benzene nucleus in which two adjacent hydrogen 
atoms are replaced by the divalent hydrocarbon rest, C^H^, 
or "OH=OH"OH=OH". 

This hydrocarbon rest is a part of a benzene ring which, 
when attached to another benzene ring, produces a double 
ring. The formula of naphthalene is represented by a double 
benzene nucleus, or it might be said by two benzene rings 
welded together. We see at once that naphthalene is capable 
of yielding an immense number of substitutions, and that the 
number of isomeric derivatives must be greater than in the 
case of benzene. We shall only take up a few of the more 
important derivatives. 

Naphthalene yields two series of mono-substitutions depend- 
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ing on whether the hydrogen atom which is replaced is ad- 
jacent or not to the carbon atoms which do not bind hydrogen. 
If the substituting element be represented by X, the constitu- 
tion of the two isomers will be : 



H 



H X 



H 



II 



and 



HO, C ,0H 
H H 

a Compound 



H H 

h/Y%x 

I ■ I 

HC OH 
H H 

p Compound 



When two atoms of Hydrogen in naphthalene are replaced 
by other elements, or groups, there are altogether ten isomers 
possible. Four of these isomers are produced by substitutions 
in only one half of the double ring. Most of the isomers 
known at present belong to this class. When the substitution 
takes place in both halves of the double ring there are six 
more isomers possible. Eepresenting the eight atoms of hy- 
drogen in the naphthalene by figures, we have the following 
isomers : 

Mono-substitutions : 1) C^ ^H, . 1 X, or C^ ^H^ . 4 X 

2) CioHt.2X, orOioH,.3X 



Di-substitutions : 



1) CJioHg 
4) C.oHe 



1.2X 
1.3X 
1.4X 
2.3X, 



and 6) OioHe-l 
7) C,oH,.l 



5X 

7X 



2 9 

% 5 



9) CioHe.2.6X,; 



10) C.oHe 



6X 
8X 



1 
1 

2.7X 



2 9 
2 9 



2* 



In the case of tri-substitutions of naphthalene, there are, 
when the substitution tak^ place in only one half of the 
double ring and the substituting atoms are all the same^ two 
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isomers possible, tiz., 1.2.3 and 1.2.4. Under the same 
limitations, there is only one tetra-substitution possible. 

The most practical method in use for representing the constitution of 
the naphthalene derivatives is the following. By lettering the double ring 
of naphthalene as below : 

aci ax 



at as 



A 



isomers can easily be indicated. If a di-substitution takes place in one 
ring, it is expressed by connecting the letters representing the positions 
of the substituting atoms by a single stroke. If the substitutions are in 
different rings, the letters are connected by a double stroke. Thus the di- 
substitutions, Nos. 1 and 6 (see above), would be represented ai— /?i and 
ai = /^a. The tri-substitution 1.2.5 would be ai— /3i=at. 

Naphthalene, C^oHg, crystallizes in white, rhombic leaflets 
with a peculiar odor and burning taste. It fuses at 79° and 
boils at 218°, is insoluble in water, and soluble in alcohol and 
ether. On oxidation it is converted into oxalic and phthalic 
acids (p. 263) : 

C,oH, + 40, = C,H,0, + C«HeO,. 

Oxalic acia Phthalic acid 

The first action of chlorine on naphthalene is to bre^k the 
double binding of the carbon atoms on one side of the double 
ring, forming addition-products, aftgr which it produces 
substitution-products. The following chlorine derivatives are 
known, a number of them being, however, obtained by other 
methods. 

Naphthalene dichloride, CioHbCla is a liquid insoluble in water. On 
heating it splits out a molecule of HCl, ^nd is converted into monachlor- 
Tiaphthalene. 

Naphthalene tetra>chloride, doHttCU, crystallizes in large rhombohe- 
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drons fusing at 182°. On distillation it breaks into diehhrnapAffudene 
and chlorhydric acid. 

a-MonochlomaphtfUene, CioHtCI, is produced from naphthalene di- 
chloride. It is a colorless oily liquid boiling at 255"". 

fi'MonocMomaphthalene, O10H7CI, is obtained by the action of pho9- 
phorus pentachloride on /J-naphthol. It is crystalline, and fuses at 61** 
and boils at 256^ 

MonoMornaphlhailene tetrctehhride, G10H7CI . CI4, forms prismatic 
crystals fusing at 130°, which on distillation break into trichlomaphtha- 
lene. 

DiehlomapTUhalene, CioHaCl2, is known in seven isomers, which are 
chiefly distinguishable by their fusing points and crystalline forms. 

TricJUomaphtJujUene, C10H6CI3, exists in four isomers. 

TetraeTUomapMhcUene, C10H4CI4, forms needles fusing at 130^ 

Tetrachlomaphthalene is the final product of the action of chlorine on 
naphthalene, just as naphthalene tetrachloride is the final addition- 
product of chlorine with naphthalene. 

The same solution of the double binding of the carbon atoms (on one 
side of the double ring) can be effected by hydrogen. When naphthalene 
is heated with iodohydric acid at 250° with the addition of phosphorus, 
naphthalene tetrahydride, C10H13, an oily liquid boiling at 205°, is ob- 
tained. 

Finally & pereJUomapkthalene, CioCU, has been obtained by the action 
of chlorine on naphthalene in the presence of antimony pentachloride. It 
fuses at 135°. 

Bromine acts on naphthalene like chlorine^ except that it 
does not form addition-products so easily. The following 
derivatives are known : 

BromnapTUhcUene, CioHTBr, an oil boiling at 277°. The /^-compound 
fuses at 68°. 

ZHbromnapTuTialenef CioHo6r3, is known in two isomers, one fusing at 
81°, the other at 127°. 

TribromnaphtJialene, CioHsBr3, fuses at 75°. 

TetrdbromnaphthcUene, CioH4Br4. 

With nitric acid the following nitro-compounds are ob- 
tained : 

NitronaphthaUney OioH,(!N'Oj5), yellow, rhombic crystals 
fusing at 61°. 
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Diniironc^hthalene, CioH6(N02)«. Two isomers are known, one fusing 
at 214% the other at 170% 

Trinitronaphthalene, CioHs(NOa)3, has been obtained in three modifi- 
cations. The a-compound forms large leaflets fusing at 122** ; the >^-com- 
pound small crystals fusing at 218" ; the ;^-compound, needles fusing at 
147% 

TeiraidtronapMhalene, CioH4(N03)4» needles fusing at 200''. 

Nitric acid not only acts on naphthalene as a sabstitnting 
agent^ but also as an oxidizing agent. One side of the donble 
ring of naphthalene breaks, and two carbon atoms split off, 
while the other two remain united to the benzene nucleus, 
and are oxidized to carboxyl groups. The dicarboxylic acid 
thus formed is phthalic acid. 

Oxalic acid is also produced besides the phthalic acid : 

H H H 

/V\' yC CooH 

HO CH , .^ _H0 COOH 

HO OH HO ^OOOH 

\o/^o^ N)/\000H 

H H H . 

Naphthalene Phthalic acid Oxalic acid 

By the action of nascent hydrogen, the nitronaphthalenes 
are reduced to amidonaphthalenes (see later). On heating 
nitronaphthalene with zinc dust, azonaphthalene : 

C,oH,-N=N-0,oH„ 
is obtained. 

a-NapMJialenesulphonic Acid, G^qK^'&O^'K, is the chief 
product of the action of sulphuric acid on naphthalene at a 
low temperature (80°). It forms a deliquescent crystalline 
mass which, by heating with water to 200°, falls into sulphuric 
acid and naphthalene : 

O.oHrSOsH + H,0 = O.oHs + H,SO,. 
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It is a monobasic acid. Its lead salt bums on heating with a 
smoky flame. 

^'Naphthalenesulphonic Acid, CjoH^'SOgH, is formed at 
a higher temperature (160°). It crystallizes in non-deliques- 
cent crystals which do not decompose on heating with water. 
Its lead salt glows on heating like tinder. 

Naphthalenedisulphonic cLcid, CioH6(S03H)2, is formed in two modifi- 
cations by heatini^ naphthalene with an excess of sulphuric acid at 160°. 

These sulphonic acids give with chlorine and nitric acid further sub- 
stitution-products. 

When naphthalene is heated with fuming sulphuric acid and phos- 
phoric anhydride, naphtJicUenetetrastUphonic acid, CioH4(S03H)4, is ob- 
tained. 

On fusion with potassium hydroxide, the naphthalene sul- 
phonic acids exchange the sulpho-group for OH, forming 
potassium sulphite and the hydroxyl derivatives of naphtha- 
lene. The latter are called naphthols. 

CioH^-SOgH + 2 KOH = G.^IL^'OB. + K^SOg + H^O. 
C,oH,-(S03H), + 4K0H = 0,oHe(OH), + ^K^SOg 

+ 2HgO. 

a-NapJitholy CioH,(OII), is obtained from ^-naphthalene- 
sulphonic acid. It forms white needles fusing at 94° and 
distiUing at 280°. 

^'Naphtliol, CioH,(OH), is obtained from the /?-naphtha- 
lenesulphonic acid. It forms white leaflets fusing at 122°; 

The ethers, nitro-derivatives, and sulphonic acids of both 
naphthols have been examined. One of the dinitro or-naph- 
thols is a yellow dye (naphthalene yellow), and is met with in 
commerce. 

Dihydroxy naphthalenes, CioH6(OH)2. Two are known. One is made 
by heating naphthoquinone with iodohydric acid and phosphorus. It 
forms colorless needles fusing at 176*. The other is obtained by fusing 
potassium or-naphthalenedisulphonate with potassium hydroxide. It crys- 
tallizes in broad leaflets fusing at 186, and subliming at 160*" in needles. 
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Bj fusing the potasnum /9-iiaphthalenedisu]pbonate with potassiam 
hydroxide, only potassium /9-naphtholsulphonate is obtained. 

A trihydroxynapTUhaleney obtained by the reduction of hydroxy- 
naphthoquinone, is also known. 

The characteristic properties of the naphthols correspond 
completely with those of the phenols. 

Naphthoquinone^ Oj^^HgOg, corresponds to quinone, 
CjjH^Og, which is derived from benzene. 

Naphthoquinone, C10H6O2, crystallizes in yellow leaflets or needles 
fusing at 125° and soluble in alcohol, ether, and glacial acetic acid. 

Dichlomaphthoquinone, C10H4CI3O3, is obtained by the action of 
potassium chlorate on naphthalene yellow, (dinitronaphthol). It forms 
golden-yellow needles insoluble in water, and fusing at 189°. By reduc- 
tion with sulphurous acid, it is converted into diehlomapTithoqmnol 
Ci oH4Cli(OH)2, (like quinone into quinol, p. 213). This body crystallizes 
in reddish needles fusing at 140°. By the action of alkalis, the chlorine 
of dichlomaphthoquinone is replaced by hydroxyl, giving rise to two com- 
pounds, CioH401(OH)02, cJUoroxynaphtJudie acid, and CioH4(OH)«02, 
naphthazarin. We shall meet later on a body which has a similar con- 
stitution, and which plays an important part in commerce, viz., alizarin. 

By the action of phosphorus pentachloride, dichlomaphthoquinone is 
converted into pentacMomaphthalene. doHsCls. In this case the sub- 
stitution has advanced to half of the double ring. 

When naphthalenesulphonic acid is mixed with potassium 
cyanide and submitted to dry distillation, cyannaphthalene, 
OioH^'CN", is obtained : 

The ar-cyannaphthalene obtained from potassium or-naphtha- 
lenesulphonate is a crystalline substance fusing at 37** and 
boiling at 298°. When once melted, it remains liquid for a 
long time. /S-cyannaphthalene, produced from potassium 
/?-naphthalenesulphonate, fuses at 66° and boils at 305°. On 
boiling with potassa, both cyanides are converted into the 
corresponding carboxylic acids : 

CioH,CN + 2H2O = CioHrCOgH + NHj. 
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or-cyannaphthalene yields or-naphthoic acid, Oi^H^'COjH, 
which crystallizes in white needles fusing at 160°; 

/?-cyannaphthalene yields /^-naphthoic acid, which forms 
needles fusing at 184°. Both are monobasic acids, and their 
salts also show isomerism. 

DicyannaphthaleneSy C^ oHe(CN)g, are produced in different 
ways. Four are known. 

a-, /5-, Y'y and d-Dicyannaphthalsnes, From these four 
compounds, the four dicarboxylic acids, a-, )5-, y-, and (J- 
naphthalenedicartoxylic acids are obtained, Ci<,H5(C0jH)g. 

By reduction of the nitronaphthalenes, amidonaphthaUnea 
are formed. 

Mononitronaphthalene yields amidonaphthalene, or napA- 
thalidinsy CioH^'NHg. The two dinitronaphthalenes yield 
two diamidonaphthalenes, Ci^Hj(NHg)g. Trinitronaphtha- 
lene gives a triamidofuiphthalene, G^qS^(KH.2)3' -^^ ^* 
these amines are bases and form finely crystallizable salts with 
acids. 

Naphthalene can be reduced like the benzene derivatives, ue,, it can 
take up hydrogen. In this case, however, the double bindings of only 
half the double ring are dissolved, the naphthalene taking up two or four 
atoms of hydrogen, and forming CioHio or doHis (seep. 276). 

Hypochlorous acidsr also form double compounds in one half of the 
double ring, viz. : 

C10H10GI3O2 = CioHeCl3(OHJ3, 
CioHa + 2H0C1 = CoHioClaOa. 

These, when treated with potassa, exchange their chlorine atoms for hy- 
droxy!, forming napthene alcohol, CioH8(OH)4 (see p. 277). 

Coal-tar contains, besides naphthalene, methylnaphthalene, CioHt^CHs, 
JHrnethylnaphthalenef etc., probably in several isomeric modifications. 



^Naphthalene is an example of a peculiar continu:ation, or 
duplication, of the benzene nucleus, or ring. It is possible to 
make a number of similar additions, to the benzene nucleus. 
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The benzene ring consists of three pairs of donbly bonnd 
carbon atoms (C'C), of which one pair unites with the rest, 
O4H4, to form napthalene. When the hydrogen of a second 
pair is replaced by the rest, C^H^^, a compound results of the 
following structure : 

HC=CH 

II I I H 

HO CO OH 

\^HHX^ 

H H 

CH=OH-0"OH=OH-0"OH=OH 

°^ CH=0H-6 C"OH=CH 

This hydrocarbon, Oj^Hj,, is c&Wei pTienanthrene. The 
third pair of carbon atoms can also take up the rest, O^H^, 
fcnim.g,0.,H,„*j,«»i«: 

H A" V%H 

a I I ■ 

HO OH 

HO OH 

\-/ 

H H 
OH=OH"0 0"OH=OH 

or i!H=0H-6"0=0-d-0H=(!)H 

OH CH 

6h-ch 
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It is not known whether this species of welding of benzene 
rings takes, place still further. A higher hydrocarbon, j^/cewe, 
CggHj4, is known, but its constitution has not been ascer- 
tained. 

Fhenanthrene, Oj^Hio, like benzene and naphthalene, is a 
constituent of coal-tar. It can also be produced synthetically 
by passing the vapors of stilbene (p. 239) through a strongly 
heated tube. It crystallizes in leaflets fusing at 100° and boil- 
ing at 340°. On oxidation it is converted into the quinone, 
Cj4Hg02, and finally into a dicarboxylic acid, diphenic acid, 
or diplienyldicarboxylic acid, G^Jl^^O^ = Q^^^^iGO^ll)^* 
This diphenic acid can be converted into diphenyl : 

* 

(see p. 204). 

Anthracene, Cj^Hjo, which is also a constituent of coal-tar, 
is an isomer of phenanthrene. It can be produced syntheti- 
cally by heating benzoyl chloride with water at 180°, or by 
the action of sodium on orthobrombenzyl bromide. It crys- 
tallizes in white leaflets fusing at 213°. 

The constitution of anthracene is : 

H H 

HO 0"0"C OH 






OH 



or 



H H 



ch-ch=0-ch-0=ch-oh 
oh~oh=6"ch"6=ch-(5h 



Anthracene differs from phenanthrene in not being a di- 
phenyl derivative. Phenanthrene is ethylene, in which two 
atoms of hydrogen are replaced by the di-valeut diphenyl rest. 
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' Anthracene, howeyer, is ethane in which four hydrogen atoms 
haye been replaced by the two di-yalent benzene rests : 

Cgxi^ Oil 
Phenanthrene is i _ ii ; 

C,H^ CH' 

/CH\ 
Anthracene is ClgH4<f i ^C^H^. 

Chlorine converts anthracene into anthracene dicTiloride, CmHioCIs. 
"With bromine a compound is formed which is both an addition- and sub- 
stitution-product, dihromanthracene-tetrdbromide, CMHbBra . Br4. With 
carbonyl chloride, COCla (p. 35), anthracene yields anthracene-carboxylic 
acid, Ci4H»C02H, 

CmHio + CGCU + HaO = Ci4H»(C02H) + 2 HCl. 

The quinone of anthracene, anthraquinone, and its derivatives, are 
the most important compounds of the anthracene series. 

When anthracene is heated with nitric acid, anthraquinone : 

is produced. It forms crystals fusing at 277°. 

Anthraquinone forms, when treated with sulphuric acid, anth^aqui- 
nondimlphonic acid, CmHtOsCSOsH). The potassium or sodium salt of 
this acid yields, when fused with potassium hydroxide, dioxyanthraqui- 
none, or alizarin, Ci4H6(0H)20a — C14H8O4. The same reaction takes 
place with the dibromanthraquinone. 

Alizarin, O^^IL^O^^, like indigo-blue, is a coloring matter 
which does not occur already formed in plants, but is produced 
from a glucoside contained in them by a species of fermenta- 
tion. In the root of the madder {Ruhia tinctorium) a sub- 
stance occurs which is called ruber yihric aeid, O^^Tiis^i^' 
By the action of ferments, or by boiling with dilute acids or 
alkalis, it falls into glucose and alizarin : 

Alizarin crystallizes in yellowish-red prisms containing 
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3 HgO. At 100°, it loses its water of crystallization, turning 
red, and at a stronger heat, sublimes in red needles. It is 
insoluble in water, and difficultly in alcohol and ether, with a 
yellow color. It is easily soluble in alkalis, with a purplish 
red color, the solution showing a fine fluorescence. Concen- 
trated sulphuric acid dissolves it without change, forming a 
red solution which is precipitated by water. Nascent hydro- 
gen converts it into hydroalizarin, Ci^Hj^O^, and nitric acid 
into a nitro-derivative. 

Alizarin has decided acid properties, and unites with bases. 
To this property it owes its solubility in alkalis. Its com- 
pounds with the alkaline earths, alumina and iron oxides, are 
insoluble. Alizarin, is therefore, precipitated from its solu- 
tion in alkalis by these substances. In turkey-red dyeing, the 
alumina compound of alizarin is formed by passing the cloth 
saturated (mordanted) with an alum solution through a solu- 
tion of alizarin, the insoluble compound being thus formed 
directly on the fibre. 

On heating with zinc dust, alizarin is reduced to anthra- 
cene. 

On heating nitroalizarin with glycerol and sulphuric acid, a peculiar 
reduction takes place with the formation of ** Mzcmn-hlue. '* 

CMH,04(N0a) + CHsOs = CxtHi«N04 + 3 HaO + O,. 

The constitution of this compound is : 

CH=CH 

ch=ch"c-co-c-c=c-n=ch 
Ah=ch-c-co-c-c=c-oh 

6h 

Besides alizarin, madder roots contain an oxidized alizarin 
Tfhich has been gradually formed from the alizarin by the 
action of the oxygen of the air. It is called purpurin : 

0,,H,(OH3)30, = 0,^H30,. 
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It is also produced os a side-product in the manufacture of 
artificial alizarin. Purpurin is soluble in water and alkalis. 
Its alumina compound is also soluble. It dyes wool^ etc.^ a 
color resembling that given by alizarin. 

In the artificial production of alizarin^ there are also two 
acids obtained which are isomeric with alizarin^ viz., anthra- 
ftavi'c acid, forming yellow silky needles fusing above 330°, 
and isanthraflavic acid, also forming yellow needles fusing at 
330°, but crystallizing with one molecule of HgO. 

From the bark of a species of alder {Rkamnus franguh) a 
^uQo^idiQ, frangulin, G^^H^qO^q, is obtained, which on boil- 
ing with acids breaks into dextrose and 

Frangulic acid, CJ4H8O4, which is isomeric with alizarin. 
It forms crystalline needles containing \ molecule H^O, and 
fuses at 252°. 

Besides the above mentioned dioxyanthraquinones, there 
are quinazarin, yellowish-red leaflets fusing at 196°, purpur- 
oxanthin, yellowish-red needles fusing at 262°, and chrysazin, 
leaflets fusing at 191°. 

Compounds isomeric with purpurin are also known, viz., 
anthrapurpuri7i, C14H8O5, orange leaflets fusing over 330°, 
and flavopurpurin, long, golden-yellow needles. 

Higher hydroxylated anthraquinones are also known. An- 
thrachrysone, Cj^HgOg, golden-yellow, fine needles; rufiopin, 
Oi4H80j, golden-yellow needles ; rufigallic add: 

C,4H303+2H,0, 

small, glittering, brownish-red needles. 

The roots of the rhubarb contain a yellow dye-stuff called 
chrysophanic acid, 0^^'H.^qO^. It does not exist already 
formed in the plant, but is produced by a species of fermen- 
tation from a glucoside, chrysophan, Og^HaoOj^, which breaks 
into dextrose and the coloring matter. 

Ghrysene, Oj gH^ g (p. 300), exists in coal tar, from which it 



OAMPHOB GBOUP. 305 

distils at a red heat. It crystallizes in colorless leaflets^ fusing 
at 250°. It is usually more or less yellow. Chlorine, bro- 
mine, and nitric acid convert it into substitution products. 
Chromic acid oxidizes it to chrysoquinone, CigH^jOg, which 
can be converted into chrysoquinoly Cj8Hjo(OH)2, dichlor- 
chrysoquinoney CigHgClgOg, and perchlorchryaoquinoney 
CigCljoOg. Another hydrocarbon, retene, C^gHig, is also 
found in coal-tar. It forms mother-of-pearl leaflets fusing at 
98°. 

Among the other constituents of coal-tar, arefluoranthrene, 
CjgH^o, leaflets fusing at 109°, a,ndpyrene, G^^B.^^. Both 
of them yield chlorine, bromine and nitro-derivatives, as well 
as the quinones and their derivatives. The constitution of 
fluoranthrene is probably : 

'C^Hs CH 



*\CeH3-CH' 



and that of pyrene : 



CH CgH.3 CH 
CH"CeH3"CH ' 



In lignite coal-tar, a hydrocaThon, picene, CggH^^, has been 
found, which crystallizes in colorless leaflets. 



Following the compounds which we have so far considered, 
therq are several groups of bodies, the constitution of which 
has either not yet been determined, or does not allow of their 
consideration in the groups already treated of, without sepa- 
rating bodies which are really closely related. 



Camphor Group. 



In the cavities in old stems of a species of trees growing on 
the islands of Sumatra and Borneo {Dryotalanops camphora), 
20 
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a body is found, which is known as Borneo-camphor y or Borneolf 
CioHjgO. It is crystalline, fuses at 198°, and boils at 212°. 
It has a burning taste and the peculiar odor of camphor. It 
is insoluble in water, and turns the plane of polarized light 
to the right. With chlorhydric acid, it yields a chloride, 
OjoHj,Cl, and with other acids, ether-like derivatives are 
formed. Kitric acid converts it into ordinary camphor. 

Camphor, C^ <jHi gO, is found in the camphor-tree, which is 
indigenous to China and Japan. It forms white, translucent 
masses with a peculiar odor and a burning taste. It fuses at 
175° and boils at 205°. It can be cut with a knife, but is 
difficult to pulverize. This is accomplished more easily, how- 
ever, wheii moistened with alcohol. It is insoluble in water, 
and soluble in alcohol, ether, acetic acid, concentrated sul- 
phuric and chlorhydric acids. Small particles of it when 
thrown on water swim on the surface with a rotary motion. 
It bums, on heating, with a smoky flame. Its alcoholic solu- 
tion turns the plane of polarized light to the right. 

It unites with bromine, forming an addition-product, 
Cj qH^ gBrgO, which on distillation loses bromine, and is con- 
verted into monobromcamphor. Dehydrating agents, as phos- 
phoric anhydride, zinc chloride, etc., convert it into cymene, 
(methylpropylbenzene), attacking it, however, more vitally and 
forming at the same time methylbenzene (toluene), dimethyl- 
benzene (xylene), and trimethylbenzene (pseudocumene). 

On digestion with potassa at 300°, it is changed into cam- 
pholic acid, 0^ ^11, gO^ : 

OioHiflO + HgO = OioHjgOg. 

By boiling a considerable time with nitric acid, it is converted 
into camphoric acid, G^q^^^O^^. 

By the action of sodium, it is changed into Borneo-camphor, 
CjoH^gO. The sodium compound of both Borneo-camphor 
and ordinary camphor is first formed : 
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2 C, oH^ eO + Nag = C, ^H, .NaO + C, .H^ gNaO. 

The former being converted by the action of carbonic acid 
and water into Borneo-camphor. 

Cj oHj ,NaO + CO2 + HgO = Ci oHi gO + NaHCOg. 

Calcium camphorate, on distillation, is converted into a compound 
isomeric with phoron, CsHmO (see later), which by oxidation breaks into 
acetic acid, CaH402, adipinic add, C6H10O4, and carbonic acid : 

C«HuO + 70 = CaHiOa + C«Hio04 + COa. 

By heating with iodine, camphor is converted into cumic 
phenol : 

C,oH,3-OH = CeH,(C3H,)-CH,0H, 

a thick oil isomeric with thymol. 

From the above facts the constitution of camphor and its derivatives 
is most probably as follows : 

Camphor contains a reduced benzene nucleus with a tnethyl and a 
propyl group : 

CjHt 





CH 

HaC CHa 

H(i 60 

Y 


/ 


Prom which are derived : 






C3HT 
CH 

HaC CHa 

1 1 


C3HT 

1 
CH 

HaC CHs 

1 


CH, 
HaC COOH 

1 


HC CH(OH) 

Y 

I 


HC COOfl 

Y 

1 


HC COOH 

Y 

1 


CH3 

Borneo-camphor 


CH, 

Camphbiic acid 


CH, 
Camphoric add 
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Several bodies are known which are isomeric with camphor. There are 
also a large number of substances resembling camphor, of which we shall 
only mention the following : 

Peppermint-camphor^ or msnthol, CioHaoO, separates from peppermint- 
oil. It fuses at 42° and boils at 212°, and has the odor and taste of pep- 
permint-oil. 

Elecampane-camphor ^ CioHiaO, is contained in the roots of the Inula 
helenivm. It fuses at 64°. Helenme, CiaHieOa, occurs with it forming 
needles fusing at 110°. 

. The young stems of the dryabalanops, from which Borneo-camphor is 
obtained, yield also a hydrocarbon, C10H16, camphor-oil, from which 
Borneo-camphor seems to be formed after a time. 



Essential Oils. 



There are a very large number of substances which haye 
the composition G^^^^^, They are called essential oils, and 
occur in pMnts, being obtained by distilling them with steam. 
We shall only mention the more important ones. Their con- 
stitution is not known with certainty. 

In general we understand under essential oils, a number of .plant-prin- 
ciples which boil without decomposition, are all indifferent, possess strong 
odors and burning tastes, are nearly insoluble in water, are mostly liquid 
and seldom solid at ordinary temperature^, and differ from the fatty oils 
(glycerides) by their volatility and odors. 

They are divided into 

1) Essential oils free from oxygen. 

These are the essential oils proper. They nearly aU possess 
the composition C^ qH^ g (or a multiple of it), are lighter than 
water, turn the plarie of polarized light, and are converted into 
terephthalic acid by oxidizing agents. 

In this class belong turpentine-oil, lemon- oil, orange-peel-oil, 
cuheb-oil, cardamon-oil, savin-oil, hergamot-oil, cajeput-oilf 
lavender-oil, rosemary-oil, and amier-oil, 

2) Essential oils containing oxygen. 
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a) Mixtures of oils containing oxygen with oils free from 
oiygen : Valerian-oil, flag-oil^ caraway-oil, nutmeg-oil, clove- 
oil, thyme-oil, parsley-oil, wormwood-oil, rue-oil, curled- 
mint-oil, peppermint-oil, and rose-oil. 

b) Oils containing oxygen : 

Bitter almond-oil, cinnamon-oil, anise-oil, fennel-oil, marjo- 
ram-oil, camomile-oil, sage-oil, and tansy-oil. 
3) Oils containing sulphur : 
Mustard-oil, spoonwort-oil, and leek-oil, 

Tarpentine-Oily CioHia. Turpentine-oil is the representative of all of 
the essential oils free from oxygen. Most of its reactions resemble those 
of the other essential oils of this class. 

When incisions are made in the bark of trees belonging to the abietinem 
family, a thick sap flows out, which is called turpentine, and is a mixture 
of rosin and turpentine-oil. By distilling with steam, this product yields 
turpentine-oil. 

It is a colorless liquid with a peculiar and disagreeable odor. 
It boils at 160°, and is lighter than water (sp. gr. 0.86). It is 
insoluble in water, although it imparts its odor to it. It is 
soluble in alcohol, ether, and acetic acid. Phosphorus, sul- 
phur, resins, and caoutchouc dissolve in it, and it is hence 
used in the preparation of resin and oil yamishes. It turns 
the plane of polarized light, the yarious kinds haying different 
powers of rotation, by which they can be distinguished. The 
German oil, fromPinus sylvestris smdAMes excelsa, the French 
oil, from Pinus maritime, and the Venetian oil, from Larix 
EuropcB, polarize to the left, the English oil, from Pinus 
australis polarizes to the right. Concentrated sulphuric acid 
converts all the different kinds of turpentine-oil into inactive 
turpentine, or campJiene. 

Turpentine-oil takes up oxygen from the air, and becomes 
thick and resinous. The oxygen absorbed shows all the prop- 
erties of ozone. With strong oxidizing agents, as fuming 
nitric acid, the oil ignites. 

On standing some time with water, it takes up two mole- 
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cules^ and changes into a crystalline substance^ terpin, 
Ci^HgoOg, which crystallizes with one molecule of water, 
becomes anhydrous at 100°, fuses at 103°, and sublimes in 
needles. 

By leading chlorhydric acid gaa into an alcoholic solution of 
turpentine-oil, they unite, the latter taking up two molecules of 
HCl, and forming the compound C^ (jH^ ^Clg, terpens dihydro- 
chloride. When the chlorhydric acid is passed into dry turpen- 
tine-oil, the compound G^^'E.^^Cl, terpens monohydrochloridey 
is produced. This is isomeric with bomeol chloride, and exists 
in a liquid and a solid modification. 

On boiling with dilute nitric acid, it is vitally decomposed, 
with the formation of cyanhydric, formic, acetic, propionic, 
butyric, terephthalic, and terebio acids, Ter^bic Acid, 
C^H^^O, has probably the constitution : 

gg3\cH-CH"C00H 

6— do 

Terpens Dibromide, O^qK^^Bt^, which is formed by the 
action of bromine, loses 2 HBr on heating, yielding cymene 
(methylpropylbenzene). The production of terephthalic acid 
and cymene proyes that terpene contains the benzene nucleus. 

By repeated distillations, as well as by treatment with yarious acids, 
turpentine-oil is converted into the inactive camphene, CioHi«, which is a 
crystalline mass, fusing at 58" and boiling at 160°. 

JJemon-oilt CioHie, is obtained by pressing lemon-skins. It is lighter 
than water, boils at 175°, and has the odor of lemons. It unites with 2 HCl. 

Among the oils containing oxygen we shall mention 

Valencm-oU, which is obtained from the roots of the valerian. It is a 
mixture of valerianic acid, CftHioOa, valerene, CiaHie, and valerianic est- 
ers; its components can be separated by fractional distillation. 

Caraway-ail, is contained in the seeds of the Carwm carui. It contains 
a hydrocarbon, CioHie, and carvolj C10H14O. 

Roman caraway-oil is produced from the Cuminum cymimitm. It is 
mixture of cymene, C10H14, with cumic aldehyde, C10H14O. 

Clove-oU is obtained from cloves by distillation with steam« It is a 
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mixture of a solid hydrocarbon, CaoHaa, which boils at 254°, TTith eugenol, 

CioHiaOa. Eugenol is an oily liquid boiling at 247% which by fusion with 

potassium hydroxide is decomposed into protocatechuic and acetic acids-. 

(OH 
Its constitution is, OaHs s OCH». Eugenol is the monomethyl ether of 

( C3H6 

{Jlylpyrocatechol, and stands in intimate relation to coniferyl (Ucohol, 

(OH 
CeHs i OCHs (compare glucosides), and to feruUc acid, 
( O8H4-OH 

(OH 
CcH, I OCH, 

( CsHaCOaH 



which exists in asaf oetida. 

Thyme-oU, from Thymus vulgaris, consists of a hydrocarbon, CioHie, 
fkymene, and thymol , the phenol of a-cymene. 

Parsley-oil, contains a hydrocarbon, CioHi«, and the so-called parsley- 
camphor, CiaHi40. 

Wormwood-oil, from Artemesia ahsynthium, is a dark-green oil, which 
contains a hydrocarbon, OioHi«, a body isomeric with camphor, CioHisO, 
and a blue hydrocarbon, probably CaoH42, boiling at about 290°. 

Rose oil is a mixture of solid hydrocarbons, Ci6H84> with an oxygenated 
substance which has not been fully examined. 

Anise-oil and Fennel-oU contain anethol, C10H12O, as their chief con- 
stituent. It fuses at 21° and boils at 232°, and by oxidation is conyerted 

into anise-aldehyde and anisic acid. Its constitution is C«H4 ] (^j g *• 

Bitter Almor^oil contains benzaldehyde, OeHs'CHO, and cyanhydric 
acid. CirmamonroU, consists of cinnamic aldehyde, C6H8"CH=CH"CHO. 

We have already met with a representative of the sulphuretted oils in 
mustard oil, CsHsNCS, and leek-oil (allyl sulphide) (C3H6)S3. Spoon- 
wort^l is the mustard-oil of the secondary butyl alcohol, C4HBNCS. 



Besins. 

The resins are obtained, together with the essential oils, from 
plants. They are either dissolved in the essential oils, in 
which case they are called balsams, or are mixed with gum, 
being then known as resins. As the essential oils take np 
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oxygen on standing, becoming more consistent, tlie balsams on 
exposure gradually become hard. 

The resins are mostly amorphous, brittle bodies, which are 
insoluble in water and soluble in alcohol, ether, fatty, and 
essential oils. They are fusible, but decompose at a higher 
temperature. They exhibit acid properties. 

Turpentine contains, besides turpentine-oil, a resin caUed 
colophony, rosin, or ordinary resin, which consists chiefly of 
sylvic acid, C^^Hg^Og, and an isomeric amorphous acid, 
pi7iic acid. Oopaiha balsam contains copaiba-resin, which 
consists chiefly of copaibic acid, CgoHgoOg. It forms trans- 
parent, colorless crystals. Guaiacum resin, from guaiacum 
officinalis, forms reddish-brown spherical masses which, when 
exposed to the air, or treated with chlorhydric acid, are col- 
ored green. Its alcoholic solution is colored dark-blue by 
nitrous acid and ozone. Shellac is easily soluble in alcohol 
and alkalis, and is used in the preparation of Tarnishes and 
sealing-wax. Balsam of Peru contains, besides fche resin, cin- 
namic acid, cinnamein (cinnamic benzyl ester, p. 272), and 
styracin (cinnamic cinnyl ester, p. 272). Storax contains, be- 
sides a resin, styracin as chief constituent, and also cinnamic 
acid and styrene, CgHg. Balsam of Tolu contains various 
resins, benzoic acid, and an essential oil boiling at 170°. 
Benzoin resin, serves as the source of benzoic acid, containing 
18 ^ of it. Aloes, from Aloe capensis is a deep brown, or when 
made from Aloe succotrina, a reddish-brown amorphous mass, 
which on treatment with water yields aloin (see later). Jalap 
is a yellowish-brown mass. Mastic forms bright-yellow grains 
with a balsamic odor and taste. 

Gum Ammoniac is the dried milky sap of the Dorema am- 
moniacum, and forms yellow to yellowish-brown grains, which 
on fusion with potassium hydroxide yield, besides volatile fat 
acids and oxalic acid, resorcinol. Gum galbanum is the dried 
milky sap of the Ferula erubescens. Asafostida is the dried 
milky sap of the Scorodosma foetidum, and is an offensively 
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smelling brownish resin, which owes its odor to a sulphuretted 
oil, OigHggSg, boiling at 135°. On fusion with potassium 
hydroxide, it yields, besides volatile fatty acids, protocatechuic 
acid and resorcinol. Euphorbium is obtained from Euphorbia 
resinifera. Its actiye constituent is euphorbon, which is the 
anhydride of an acid not yet thoroughly examined. Among 
the remaining gums are gum-elimi, franJcincense, and myrrh. 

Caoutchouc is intimately related to the resins. Many trees, 
especially those of the euphorbiacem, yield a juice, when incisions 
are made in them, that gradually hardens in the air to an 
elastic mass. Its composition corresponds to the formula 
CqHj 4. When caoutchouc is heated with sulphur, it becomes 
'^ vulcanized," and is then much more elastic and does not be- 
come brittle when cold. On heating higher, it is converted 
into a peculiar substance known as "vulcanite," or hard 
rubber. 

A substance very similar to caoutchouc occurs in the East 
Indies, which is known as gutta percha, and has the composi- 
tion CioHjg. It is produced by a tree belonging to the 
sapodilla family, and is obtained in the same way as caout- 
chouc. 

To conclude, we shall mention the fossil resins, amber and 
asphalt. The former is found on the coast of the Baltic Sea, 
contains a resin, amber oil, and succinic acid. The latter has 
probably been formed from petroleum, and is a black mass 
fusing about 100°. 



Pyridine Bases. 



There are several nitrogeneous substances which have the 
same composition as aniline and its homologues, but which are 
different from them. They do not contain the benzene 
nucleus, and the lowest member of the series has less than six 
carbon atoms. They occur in coal-tar and in animal oil (Dip- 
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pel's oil), and are formed by the decomposition of the alka- 
loids. Some of them have been produced artifically. The 
nitrogen in them is bound to the carbon by three bonds, so 
that they may be considered as nitrile-bases, while aniline and 
its homologues are amido-bases. At present there are known 

Pyridine^ C5H5N 

Picoline, CjH^N Methylpyridine, (isomeric with 

aniline) 
Lutidine, 0,Hj!N" Dimethypyridine, (isomeric with 

toluidine) 
ColUdine, CgHuN Trimethylpyridine, (isomeric with 

xylidine) 
FarvoUne, C^HigN" Tetramethylpyridine, (isomeric with 

cumidine) 

Picoline and collidine hare been produced artificially. 
Picoline is formed by heating the comT)ound of acrolein-ammonia, 
2 C,H40 . NH, : 

CeHsOa . NHs = CeHTN + 2 HaO. 

Picoline is also obtained by heating allyl tribromide, CsH&Bra, with 
ammonia : 

2 CsHfiBr, + NHa = C«HtN + 6 HBr. 

The reaction takes place in two steps. At first, dibromattylamine, 

C,H4Br ) 

GsH4Br >N, is formed, which then yields picoline by the elimination of 

2 HBr. We can therefore easily understand the constitution of picoline. 

C,H4Br) _ _ ^ 

' ' ^"" or 



U,M4J5r C,H4\ 

C.H4BrtN,givesi ^ >K, 
H ) C3H4/ 



CH=CH-CH 
CH=C— il 



CH, 



Pyridine is, henoe, constituted analogously to benzene 
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hAh 

li I 

HC CH 

t,e, it is a benzene-ring in which a CH-group is replaced by an N. The 
other bases of this series are homologues of pyridine, picoline being 
methylpyridine, etc. 

Ethylidene chloride and ammonia yield coUidine : 

4 CHa-CHCla + NH3 = CeH.eN + 8 HCl. 

All of these substances are liquid, and have a peculiar and 
penetrating odor and a bitter taste. They are volatile without 
decomposition, atnd possess basic properties, i.e, they unite like 
ammonia directly with acids to form salts. The lower mem- 
bers are miscible with water, the higher ones are soluble 
in it. The isomeric rdations which exist in the benzene 
derivatives, also appear in the pyridine derivatives. From the 
formula of pyridine we see that there are three methylpyri- 
dines (picolines) possible (they are all threiB known). The 
number of isomers in the higher homologues is, of course, 
greater. 

The pyridine bases have lately acquired a greater interest, 
as they have been found to constitute the basis of the more 
important alkaloids. By oxidation of pyridine as well as of 
the alkaloids, pyridine-carboxylic acids, 

CgH^N-OOgH, 06H3N(C08H)„ etc., 

arc formed. 

There are a number of other bases found in coal-tar, which 
are related to the pyridine bases, viz. : 

QuinoUne, CgH^N" 
Lepidine, C^qH^IS 
Cryptidine, C^iHuN". 

They are obtained by the decomposition of quinine, stryeh- 
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nine, etc Qninoline stands to pyridine in the same relation 
as naphthalene to benzene : 

Pyridine : Qninoline : 

hAh h/v\h 

II f I It I 

HO CH HC C OH 

H 

We see from the above figure that in the qninoline bases the 
nitrogen has no replaceable hydrogen. They are oils insolnble 
in water. 

Quinoline is produced synthetically when nitrobenzene or 
aniline is heated with glycerol and sulphuric acid : 

C JI.NOe + C3H3O3 = C.H,N + H,0 + 0, 
C.II.NH, + O3H3O3 = C,H,N + H,0 + H,. 

A similar constitution may be ascribed to another class of bodies whose 
chief representative is pyrrole, C^HsN, which is obtained by the dry dis- 
tillation of nitrogenous substances (coal, bones, etc.). Pyrrole is a color- 
less liquid with an odor like chloroform. It is insoluble in water and 
soluble in acids. It is, however, not properly a base, for it can be entirely 
removed from its solution in an acid by boiling. It colors a splinter of 
pine, moistened with chlorhydric acid, purplish-red, and may be thus 
detected. Pyrrole acquires easily a brown color, and an amorphous red 
substance separates, which is called pyrrole^ed, CiaHuNsO, 

The constitution of pyrrole is probably 



CH=CH\ 
CH 



l_=Cg>NH. 



It is also formed by the distillation of ammonium mucate : 
C«n,0H-NH4 = C^HbN 4. 2 COa + 4 HaO. 

By the distillation of mucic acid by itself, pyromticie acid, G6H4OS, is 
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obtained. This acid is also formed by boiling furfurole with moist silver 
oxide. It is a monobasic acid. Its ammonium salt yields pyrrole on 
heating. Its constitution is perhaps : 

COOH 

CH-C\ 

CH-CX 
I 
H 

On distilling pyromueic acid with an excess of soda-lime, carbonic acid 
splits off, and tetrol, or tetraphenol, C4H4O, is obtained. It is a colorless 
liquid boiling at 32°, and has a peculiar odor. 

The aldehyde of pyromueic acid is known under the name furfurole, 
CfiH40. It is obtained by the distillation of clover, meal, sawdust, etc. 
with" dilute sulphuric acid. It unites with the acid sulphites of the 
alkalis, and, on boiling with silver oxide, is converted into pyromueic acid. 
Its constitution is hence : 



CH=C^ 
H 



CHO 
I 



>0 



Alkaloids. 

We now come to a large class of yery important nitrogenous 
substances which occur in many plants, and which, on ac- 
count of their energetic action on the organism, have numerous 
uses. They all possess basic properties, and are hence called 
in a limited sense, organic bases, or alkaloids. Their consti- 
tution is in most cases not yet understood, but the majority 
of them seem to be derivatives of the pyridine bases. 

The alkaloids are all practically insoluble in water, but give 
soluble salts with acids. They are set free from the solutions 
of their salts by alkalis and alkaline carbonates, being precipi- 
tated as free alkaloids. Tartaric acid hinders the precipita- 
tion of the alkaloids with the exception of strychnine, narco- 
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tine and cinchonine. They are all soluble in aleoliol, but not 
all in ether. They are precipitated from solutions of their 
salts by tannic acid, potassium mercuric iodide, potassium 
cadmium iodide, phosphomolybdic acid, phosphotungstic acid, 
and metatungstic acid. 

They are obtained by extracting the pulverized plants with acidified 
water, and when the alkaloid is volatile, distilling, after the addition of an 
alkali. If the base is not volatile, which is generally the case, the base 
is precipitated with an alkali. The precipitated alkaloid is purified by 
again dissolving in an acid, recrystallizing the salt, and reprecipitation by 
an alkali. 

Some alkaloids contain only carbon, hydrogen, and nitrogen, 
while others also contain oxygen. The former are liquid at 
ordinary temperatures, the others mostly solid and crystal- 
line. 

Conine, CgH^ jN", exists already formed in the hemlock {Co- 
nium maculatum), and is obtained from the seeds by distilla- 
tion with water. It is a colorless liquid with a stupefying 
odor, boiling at 168°. It possesses extremely poisonous prop- 
erties. It dissolves in 100 parts of water, and in the cold 
dissolves some water, but not when warm. Moist conine for 
this reason becomes turbid when warmed, even the warmth 
of the hand affecting it. Its aqueous solution reacts strongly 
alkaline, and completely neutralizes strong acids. It becomes 
brown and thick when exposed to the light, decomposing with 
evolution of ammonia. Oxidizing agents convert it into 
butyric acid, C4H8O2. It coagulates a solution of albumin. 
Dry chlorhydric acid gas colors it at first purplish-red and 
then deep blue. 

It absorbs nitrous acid gas. Conine saturated with nitrous add 
gas, when treated with water, yields azoconhydrine, CaHieNaO, which 
separates as a bright-yellow oil, and by the action of phosphoric anhydride 
is converted into water, nitrogen, and conylene, C^Hm. 

Conine has not yet been produced artificially, but a com- 
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pound isomeric with it and resembling it very mncli^ paraco- 
nine, is obtained by the action of ammonia on butylaldehyde. 

Kormal butyl aldehyde unites with two molecules of ammonia, form- 
ing C4H8O . NHs and CaHisOa . NH3. The latter yields on dry distillation 
paraconine, water being eliminated : 

C«HMOa . NH3 = C«H».N + 2 HaO. 

The compound, CsHieOa . NHs, dibutyraldine, possesses the constitu- 
tion : 

CIla''CH.a CHa CH\ 
CH8~CHa""CHa''CH^ OTT 

The constitution of paraconine is probably : 

Oils CHa CH'^CHV'M- 
CH,-CHa"CH,-CH/^- 

Conine is an amido-base. The H of the NH-gronp can be 
replaced by hydrocarbon rests (OH3, C3H5, etc.) and the re- 
sulting bases unite with acids, forming salts, and with chlo- 
rides, bromides, etc., producing ammonium compounds. 

Standing between conine and dibutyraldine, is conhydrine, 
CgHj^NO, which is also contained in the seeds of the hem- 
lock. It crystallizes in mother-of-pearl leaflets fusing at 121° 
and boiling at 240°. It possesses weak basic properties. 

Nicotine, CioH^^Ng. This base is found in the leayes of 
the tobacco, and is obtained from them by extraction with 
dilute sulphuric acid. The different kinds of tobacco con- 
tain varying amounts of nicotine, ordinary tobacco containing 
from 7-8^, while the finest Havana tobacco contains less 
than 2^. Mcotine is a colorless liquid with a penetrating 
odor of tobacco and a burning taste. It boils at 250° with 
partial decomposition. It is easily soluble in water, alcohol, 
and ether. It turns brown on exposure to the air. It is very 
poisonous. It is a di-valent tertiary base, its nitrogen con- 
taining, therefore, no substitutable hydrogen. 
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On oxidation it is converted into nicotinic acid (pyridin- 
carboxylie a<3id), C^HgNOg = CgH^N'COOH. This aoid 
fuses at 224°^ and crystallizes in needles. Its constitution is 
unknown. 

Sparteine, C ^ ^H^ jN^, occurs in Spartium scoparium. It is 
a thick, colorless oil with a bitter taste, and boils at 288°. It 
is a di-yalent tertiary base. 

The constitutions of the alkaloids containing oxygen are 
very complicated, and have been still less investigated than 
the preceding. In a few, it has been proved that the oxygen 
exists in the form of hydroxyl or CO. 

Opfnm Bases. By making incisions in the green seed-cap- 
sules of the poppy (Papaver somniferum) a white, milky sap is 
obtained, which, when dried, constitutes opium. Opium con- 
tains a large number of alkaloids, of which we can consider 
but a few of the more prominent. The most important alkaloid 
in opium is 7norphine, and the value of the opium is estimated 
by the amount of this base that it contains. 

Opium bases : Morphine CnHioNOs 

Codeine CiHHaiNOs 

Codamine C20H2SNO4 

Ijaudanine C2oHas]S'04 
Psendomorphine CnlliaNO* 

Thebai'ne C.aHaiNOs 

Thebenine CflHaiNOs 

Protopine C90H 1 sNOs 

Papaverine CaiH2iN04 

Deuteropine CaoHaiNOft 

Cryptopme CaiHasNOs * 

Meconidine CaiH2sN04 

Laudanosine CaiH27N04 

Rhoeadine CaiHaiNOe) i^^^^^*^ 

Rhoea^nine CaaHaiNOe J ^^"^^^^ 

Narcotine CaaHaaNOr 

Narceme CasHaoNOa [rine Y) 

Ijanthopine Ca3Ha6N04 (homologous with papave- 

Morphine, Cj ^H^ 9 NO 3. On boiling opium with water, the 



> isomeric 
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morphine goes into solution in combination with certain acids 
(particularly meconic acid). From this solution, it is pre- 
cipitated, after neutralizing a part of the acids with milk of 
lime, by ammonium chloride. 

Morphine is precipitated by a solution of lime, but is redissolved by an 
excess. It behaves in the same manner with alkalis. In ammonia, how- 
ever it is insoluble. 

« 
It is almost insoluble in cold water and ether. It dissolves 

in 500 parts of boiling water and in 40 parts of alcohol. It 

crystallizes in glittering, colorless, rhombic crystals containing 

a molecule of water, which it loses on fusion. On stronger 

heating, it carbonizes. 

A solution of morphine turns the ray of polarized light to 
the left. 

It is a strong base, and its salts are soluble in alcohol and 
water. The hydrochloride, 0^ ^H^ 9 NO 3 . HCl -f 3 HgO, ace- 
tate, Cj^HjgNOgCg . H4O2 +HgO, and sulphate, 

(Ci,H,,N03)3 . H.Sb, + 5H,0, 

are worthy of mention. They all crystallize in fine needles. 

Morphine salts, when treated with nitric acid, turn first red 
and then yellow. Ferric chloride colors them deep blue. A 
solution of morphine in a little concentrated sulphuric acid 
is colored violet on the addition of sulphuric acid containing 
nitric acid. 

The nitrogen in morphine does not bind any substitutable 
hydrogen. It is hence a nitrile base. 

By heating morphine a considerable time with fuming chlor- 
hydric acid, it is converted into apomorphine, Oj-jIIj^NOg. 
Apomorphine is a white powder which, on exposure to the air, 
becomes quickly colored green. It is a powerful emetic. 

Codeine, OigHgiNOg, is homologous with morphine. It 
crystallizes with one molecule of water, is somewhat soluble in 
21 
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water, and fofles at 150^. At a higher temperature it is 
decomposed. Chlonne, bromine, and iodine yield substita- 
tion products. It is also a nitrOe base. 

KareetiBe, C^^H^jNO,, crystallizes in rhombic prisms fus- 
ing at 176''. It is almost insoluble in water, easily soluble in 
alcohol and ether. It is a weak base, its salts being decom- 
posed by boiling with water. « 

On heating with chlor-, or iodoh jdric add, narootine loses saccessiyely 
three methyl-groaps. On heating with water, it breaks into eotanUne, 
C13H13NO3, and mecanine, Ci JSit04, and bjr heating with dilate nitric 
acid, into cotamine, opianic acid, Ci«Hi«0», and hemipinie add, 
Ci,H,.0. : 

C„H„y0, = CmHmKO, + C,.H,.04, 
CmHmNOt + O = C„H„NO, + Ci.Hi.Oi», etc. 

Hemipinie acid is decomposed by iodohydric acid into methyl iodide, 
carbonic acid, and protocatechuic acid, CtHcO^ : 

CioHi.O. + 2 HI = 2 CH3I + CO, + C,H«04. 

The constitution of hemipinie acid is, CcH3(C09H)^0CH3)9. 

<CC)OH 
CHO ' ^^^ 

meconine is the internal anhydride of the alcohol derived from opianic 
acid, C.H,(0CH,)2<^^g^^. 

The opium-bases are chiefly combined in opium with a 
peculiar acid called meconic acid, CjH^O,, which crystallizes 
withSHgOin colorless, rhombic tablets difficultly soluble in 
cold water, more easily in hot, easily in alcohol. It is char- 
acterized by giying a deep red solution with ferric chloride. 
On continued boiling with hot water, or dilute chlorhydric 
acid, it breaks into carbonic acid and comenic acid, C^H^Og. 
The latter forms hard, difficultly soluble grains, and by dis- 
tillation falls into carbonic acid and pyromeconic acid, 
C5H4O3. 
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Cinchona Bases. The following important alkaloids are found 
in the bark of the cinchona tree : 

Quinine I n tt at n 

Quinidine ^ ^2o^z^^i'^i^ . 

Cinchonine } n it kt n 
Cinchonidine j ^19^22^ 2^- 

Quinine and quinidine are distinguished from the other two 
by their greater solubility in ether, and also by giving with 
chlorine water and ammonia a green solution. The most im- 
portant of them is quinine. 

Quinine, C2 0^24^202, is extracted from the cinchona bark 
by dilute sulphuric acid. The acid solution is precipitated 
with sodium carbonate and purified by crystallizing from alco- 
hol or ether. It crystallizes with 3 H2O in silky needles. It 
is difficultly soluble in water. With acids, it gives two series 
of salts. The hydrochloride and sulphate are used medici- 
nally. 

Quinine JIt/drocTUoride, CaoHaiNaOa . HCl + 2 HaO, forms white, silky 
needles soluble in 30 parts of water. 

Quinine Sulphate, (CaoHa4Na02)a . H2SO4 + 8 HaO, crystallizes in large 
glittering needles which effloresce in the air, and gradually fall to a white 
powder, losing 6 molecules of water of crystallization. It is soluble in 
800 parts of cold water, but easily in hot water and alcohol. 

Quinine Add StdpJiate, C2oH24NaOa . H2SO4 + 7 HaO, crystallizes in 
glittering needles, efflorescing in the air. They are soluble in 10 parts of 
water, and the aqueous solution possesses a strong blue fluorescence. 

Quinine Valerinnatey CjoHMNjOa. CsHioOi + HaO, is formed by the 
neutralization of an alcoholic quinine solution, with valerianic acid. Col- 
orless crystals with a bitter taste and the odor of valerianic acid. 

Quinine Tannate, is a yellow amorphous precipitate produced by 
adding a solution of tannic acid to solutions of quinine salts. It has a 
peculiar odor and a bitter astringent taste. It is almost insoluble in water 
and very difficultly in alcohol. 

Quinine is a nitrile base. It polarizes to the left. When 
heated with potassa-lye it yields quinoline and its homologues. 
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which are isomeric, but not identical, with those obtained from 
coal-tar and Dippers-oil, 

By oxidation with potassium permanganate, jf?yriV?iw-^r icar- 
hoxylic acidic obtained, CgHgNOg = CgHgNlCOgHjj, which 
on heating breaks into carbonic acid and pyridin-dicarboxylic 
acid, C^HjNO^, fusing at 254°. 

Quinine is used in medicine as an antifebrile agent. The 
green color which it forms with ammonia and chlorine water 
is characteristic of it. 

In most cinchona barks, there is found besides quinine, 
Cinchonine, CigHggNgO, which has properties similar to 
those of quinine, although it is not so strong an antifebrile. 
It forms white, glittering, odorless prisms, with a bitter taste, 
which at first is hardly perceptible. It is difficultly soluble in 
water. On oxidation, it yields cinchoninic add {quinoline-car- 
hoxylic acid), Gg^^B.0^, and pyridine-tricarboxylic acid, 
CgNgNOg. The following salt is worthy of mention : 

Cinchonine Sulphate, (0191122^20)2 . H2SO4 + 2 HgO, 
forms white glittering crystals, somewhat soluble in water. 

Many quinine barks contain also quinidine and cinchonidine. 
Quinidine, C20H24N2O2, crystallizes with 2 HgO, and polar- 
izes to the right. It is also a nitrile base. Cinchonidine, 
C^^^^^'S^O, forms anhydrous crystals. It solutions polarize 
to the left. It is also used as an antifebrile. 

Two alkaloids occur in the cusco chinchona-barks, viz., Cus- 
conine and Aridne, both having the formula, C23H26N2O4. 

The sulphate of the former is a characteristic salt, forming 
a gelatinous precipitate almost insoluble in water. The acid 
oxalate of aricine is also characteristic. It crystallizes in 
white prisms which after a short time change into rhombohe- 
drons very difficultly soluble in water. Both alkaloids polar- 
ize to the left. 

In tho cinchona barks an acid, quinic acid, CTHiaOs, occurs, which is 
combined partly with the alkaloids and partly with calcium. It is mono- 
basic, and hence contains only one carboxyl group, and belongs to the 
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aromatic series. It is derived from a completely reduced benzene mole- 
cule (CaHia), CflH,(0B.j4C00H. It forms colorless rhombic prisms easily 
soluble in water, and polarizing to the left. On oxidation it yields 
quinonc, and on reduction* benzoic acid. On fusion with potassium hy- 
droxide, ft affords protocatechuic acid, C7II6O4. 

The cinchona barks (and the tormentillo root) contain besides chinovie 
acidj Ca4H3b04, a glucoside, chinovin, CsoH4h08» which is decomposed by 
acids into a sugar, CsHiaOs, and chinovie acid. In them is also found 
a peculiar tannic acid called, quinotanmc acid, which gives a green pre- 
cipitate with ferric salts, and is converted by the oxygen of the air into 
a red coloring matter, cinchona-red. 

Strychnine and brucine are found in the seeds of the 
Strychnos nux vomica^ the beans of the St. Ignatius-beany 
{Strychnos ignatii) and in snake-wood (roots of the Strychnos 
colubria).' 

Strychnine, C^iHg^NgO^, is obtained by extracting the Bar- 
badoes-nuts, or Ignatius-beans with boiling alcohol, and after 
throwing down the impurities with lead oxide, precipitating 
the strychnine and brucine with magnesia, and separating the 
strychnine by cold alcohol, in which the brucine is alone solu- 
ble. Strychnine crystallizes in colorless, rhombic columns 
which taste very bitter, are almost insoluble in water, absolute 
alcohol, and ether, but are easily soluble in ordinary alcohol. 

It is colored violet-blue by potassium chromate and sul- 
phuric acid. Nitric acid does not color it when free from 
brucine. It is a nitrile base, and unites with acids to form 
salts. 

It is extremely poisonous, causing tetanus even in small 
doses. It is used in medicine. 

Strychnine NitratCy CgjHggNgOg . HNO3, forms colorless, 
silky needles with an extremely bitter taste, but little soluble 
in water and cold alcohol, more easily in hot alcohol. 

Brucine, CggHg^NgO^, crystallizes with four molecules of 
water in four-sided prisms which effloresce when exposed to 
th« air. It tastes very bitter, is difficultly soluble in water, 
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insoluble in ether, bnt easily in alcohol. Nitric acid colors it 
red, giving a solution from which stannous chloride precipi- 
tates a yiolet substance. 

Its physiological action is less violent than that of strych- 
nine. It is converted into strychnine by oxidation with dilute 
nitric acid : 

C,3H,,N,0^ +40 = C.iHggN.O, + 2 CO, + 2 H,0. 

Atropifie, Cj^HgaNOj, is found in the berries of the 
deadly nightshade {Atropa belladonna) and in the thorn-apple 
{Datura stramonium). It crystallizes in thin needles which 
are easily soluble in alcohol, very difficultly in water and 
ether. It fuses at 115°, and is decomposed at a high temper- 
ature. It tastes intensely bitter, is very poisonous, and passes 
unchanged into the urine. It possesses the peculiar property 
of dilating the pupil very strongly, and is hence used in treat- 
ment of the eye. Its salts do not crystallize. 

On boiling with strong bases or acids, it is decomposed 
into tropine, CgHjgNO, and tropic acid, CgH^jOa : 

C,,H,3N03 + H,0 = CgH.gNO + C,H,o03. 

On the other hand, tropine and tropic acid, when heated 
for a considerable time with very dilute chlorhydric acid at 
100°, are converted into atropine. 

Atropine «MZp?ia<c, (CnHa3N03)a . H2SO4, is a white, bitter powder, 
very easily soluble in water and alcohol. 

Hyoscyamine, Cj^HggNOg, is the active principle of hen- 
bane {Hyoscyamus niger). It crystallizes in soft, silky needles 
soluble in alcohol, water, and ether. It fuses at 90°, and 
dilates the pupils. It possesses a sharp, offensive taste. When 
pure, it is odorless, but when impure has a strong offenrive 
and stupefying odor. 

On boiling with acids or strong bases, it breaks into tropine, CttHj sNO, 
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and tropic acid, C9H10O3, Tielding the same decomposition-products as 
atropine. 

Aconitine? CgoH^^NO,, exists in the purple monk's-hood 
(Aconitum napellus) and forms a colorless powder without 
odor and with a bitter taste, causing a roughness in the throat. 
It is difficultly soluble in water, easily in alcohol. 

Yeratrine, CggH^gNOgC?), is found in the seeds of the saba- 
dilla {Veratrum sabadilla) and, with jervine, in the roots of 
the white hellebore ( Veratrum album). It is extracted with 
dilute chlorhydrio acid. It crystallizes in rhombic prisms 
which effloresce in the air, fuse at 205°, are insoluble in water 
and easily soluble in alcohol and ether. It is yery poisonous; 
the smallest amount brought in the nose, causes the most 
violent sneezing. Concentrated sulphuric acid colors it first 
yellow and then carmine-red. With concentrated nitric acid, 
it yields a dark violet solution on the surface of which drops 
of oil are formed. It forms crystalline salts. 

Jervme, CgoH^gNgOg + 2H2O, is found, together with 
veratrine, in the roots of the white hellebore. It forms color- 
less prisms insoluble in water. With acids, it forms salts, 
most of which are very difficultly crystallizable. 

Berherine, 020^1,^04, exists in the roots of the Berberis 
vulgaris. It crystallizes with five molecules of water in fine 
yellow needles which lose their hydrate- water at 100°, fuse at 
120° and decompose at a higher temperature. It is insoluble 
in water. Nascent hydrogen converts it into hydroberberine, 

Piper ine, Cj ,Hj 9 NO 3, is extracted from pepper by boiling 
with alcohol. Alkalis decompose it into piper inic acid, 
. C12H10O4, B>nd piperidine, G^Il^^'R. 

C,,H,,N03 + H2O = C,2H,o04 + OgH^.N. 

Piperine forms colorless columns fusing at 100°, insoluble 
in water, easily soluble in alcohol and ether. Piperinic acid, 
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J 2^1 0^49 ^ bright-yellow, crystalliiie substance insoluble in 
water, yielding protoeatechuic acid, C^H^O^, on fusion with, 
potassium hydroxide. Piper id ine, CgHuX, is a colorless, 
strongly alkaline liquid boiling at 106'', and forming well 
crystallizing salts. The nitrogen of piperidine binds a sub- 
stitutable atom of hydrogen, showing it to be an imido-base. 
MethylpiperidinSy CjHj^N'CHj, ethylpiperidine, benzoylpi- 
peridine, etc., haye also been obtained. On heating with 
bromine, dibromoxypyridine, CjHjNBrjO, is formed* 
The constitation of piperine is 

C»H„-N-CO-C4HrC.H,<^3^^>CH„ 
and of piperidine 

It is hence hexahydropyridin. 

Besides the alkaloids which have been mentioned above, 
there is a great number of others, of which we shall only men- 
tion the following. 

Eserine, or physostigmine, C15H21N3O2, occurs in the 
Calabar-bean, and is an intensely poisonous substance. It 
causes a contraction of the pupils. It is easily soluble in 
alcohol and ether, its solution decomposing yery easily when 
exposed to the air. 

Sinapine, CijHggNOj, exists as sulphocyanate in the seeds 
of the white mustard. The free base, owing to its instability, 
has not been obtained. The sulphocyanate forms fine needles 
fusing at 130°. On boiling with an alkali, it is decomposed 
into neurine, CgH^gNOg, and sinapic acid, C^iH^gOs. 

Lycine, CgH^iNO^, is found in the leayes of Lycium 
iarharum. 

Curariney C^oHigN", exists in curare, the Indian arrow 

poison. 

HarmalinBy Q,.J3l.^J^\ , ., ^ ^^ 

Harmim, C, ,H, ,N,0 \ ^^theseedBotPeganumAarfnala. 

Cocaine, G^ ^Hg^NO^, in the leayes of the cocoa. 
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Colchicine^ Oj-iH^j^NOg, is obtained from the seeds of the 
Colchicum autumnaUy and is an amorphous powder which acts 
as a powerful emetic. 

Corydalifie, G^QB.^^liO^, is contained in the seeds of the 
Bulbocapnus cavus. 

Chelidonine, G^^'K^^'JiO^y is extracted from the roots of 
the Chelidanium majus. 

Emetine^ CjoH^^NgO,, exists in the ipecacuanha root 
{Radix ipecacuanha). It is a white, easily decomposable 
powder, fusing at 70°. It is a strong emetic. 

Solanine, G^^H^-^^O^^y is contained in the germs of the 
potato. It forms colorless needles with a bitter taste, diffi- 
cultly soluble in water, and fusing at 235°. By boiling with 
dilute acids, it splits in^p sugar and solanidine, OggH^^NO, 
which forms fine, silky needles, fusing at over 200°. It yields 
difficultly soluble, finely crystallizable salts. 



Glucosides. 



It has already been stated (p. 163) that the glucosides are 
substances occurring in plants, and are compounds of a 
sugar (usually dextrose) with other bodies, and are decom- 
posed by the action of ferments, acids, and alkalis into their 
constituents. Since plants generally contain these ferments, 
this decomposition of the glucosides takes place when the 
plants are allowed to remain for a length of time in contact 
with water. We have already met with a number of gluco- 
sides, e.g. indican, which is a compound of indigo with dex- 
trose, ruberythic acid, a compound of dextrose with alizarine, 
franguline, etc. 

Amygdalin, G^^^^t^^i^y occurs in the bitter almonds, 
the leaves of the laurel, and the kernels of cherries, apricots, 
peaches, etc. It is obtained from bitter almonds (previously 
freed from fat), by boiling with alcohol. It forms small, glit- 
tering scales, which are odorless, and possess a weak, bitter 
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taste. It is converted by dilute acids, or by the ferment, Emul^ 
siuy which is contained in the almond, into dextrose, cyan- 
hydric acid, and benzaldehyde : 

C,oH,,NO,i+2H,0=2C,H,,Oe+HCN+C,HeO. 

On boiling with alkalis, it evolves ammonia and is decomposed 
into amygdalic acid, CgjjHggOij, the CN-group being con- 
verted into COOH. 

Salicin, C^gHigO,, occurs in the bark of the willow and of 
numerous poplars. It forms small, glittering, bitter prisms, 
fusing at 198°, and difficultly soluble in cold water, but easily 
in hot; Ferments, e.g. emulsin, decompose it into dextrose 
and salicylic alcohol (saligenin). By the action of dilute acids, 
it breaks into dextrose and saleritin, a resinous substance 
arising from the decomposition of saligenin : 

^IS^lB^I +H2O = CgHigOg +C,H802. 

Conifer in, CieH2208+2H2 0, exists in the cambial sap 
of the conifercB, and separates on concentration to \ of its 
volume. It forms glittering, efflorescent needles, fusing at 
185°, and difficultly soluble in cold water, more easily in hot 
water and alcohol. It is decomposed by ferments into sugar 
and coniferyl alcohol, C^ oH^ 2O3, and by oxidation into sucro- 
vanillic acid, Ci^HgOg + HgO, just as coniferyl alcohol is 
oxidized into vanillin, C8H8O3, and vanillic acid, OgHgO^ 
(methylprotocatechuic aldehyde and methylprotocatechuic 
acid). 

^sculin, OigHigOg+^HgO, occurs in the horse-chestnut, 
and forms fine, slightly bitter prisms, difficultly soluble in cold 
water and alcohol. Its solutions possess a blue fluorescence. 
It- is decomposed by dilute acids into sugar and sesculetin, 
0^11504. j^sculetin, G^}1^0^ + HgO, forms colorless 
needles, very difficultly soluble in water and alcohol. On boil- 
ing with potassa-lye, it is decomposed into oxalic, formic, and 
protocatechuic acids. 
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Daphnin, which occurs in the barks of various species of 
daphnia, has the same composition as aesculin. With fer- 
ments and dilute acids, it yields daphnetin, an isomer of 
SBSCuletin. 

Fhloridzin, C2iH240io + ^HgO, exists in the bark of 
the roots of the apple, pear, cherry, and plum trees. It forms 
fine, white, silky, glittering, bitter prisms, which are easily 
soluble in hot water and alcohol. On decomposition, it yields 
besides sugar, phloretin, C^gH^^Og, which crystallizes in 
small leaflets, and is decomposed by alkalis into 2>^loroglucin, 
CgHgOg, and pJiloretic acid, CgHioOg. 

Quercitrin, OggHggOgQ, occurs in the bark of the Quercus 
tinctoriay and is a yellow powder difficultly soluble in water. 
With acids, it yields isodulcite and quercetin, Cg^HigOu. 
The latter exists in tea and in the bark of the apple-tree and 
other plants. It is a yellow powder subliming in yellow 
needles. It is but little soluble in water, easily in alcohol. 
By fusing with potassium hydroxide, it is decomposed into 
-phloTogiucui aixd quercetmic acid, CigHigOg, which crystal- 
lizes in small prisms, and is converted into several other acids 
by continued action of potassium hydroxide. 

Hesperidin, CggHggOig? exists in unripe oranges. It forms 
fine needles fusing at 245°. Acids break it into sugar and 
hesperitin, CiqHj^Oq, which fuses at 223°, «nd is decomposed 
by potassa-lye into phloroglucin and hesperetimc acid, 

CioHio04« 
Arhutin, OggHg^O^^, exists in the leaves of the ai'butus. 

It crystallizes in needles fusing at 170°. It is decomposed by 
emulsin into sugar, quinol, and methylquinol. 

Myronic acid, Cj oHj ^NSgO^ q, exists as a potassium salt in 
the seeds of the black mustard. It forms small, silky, glitter- 
ing needles. It is decomposed by myrosin, a ferment exist- 
ing in the seeds of the mustard, into sugar, mustard-oil, and 
potassium hydrogen sulphate : 

C, ,H, sKNSgOi = C,Hi gOe + CgHg-KOS + KHSO,. 
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ConvolvuUn, CjiHg^Oi^, is found in jalap-root. It is an 
amorphous mass fusing at 150°. Ferments convert it into 
sugar and convolvulinoly OjaHg^Oj + i HgO. Jalapin, 
Cg^HjgOi,, is found with convolvulin in the same root. It 
breaks into sugar Skud jalapinol, CijHg^^Oj +^HgO. 

Saponin, CggHg^Oig, occurs in numerous plants, particu- 
larly the soap-root. It is a white powder, the dust of which 
causes the most yiolent sneezing. Its solution foams like a 
soap solution, even when greatly diluted. It breaks into 
sugar and Sapogen in, C ^ ^ H g 2 ^ . 

HelUborin, Cg^jH^gOg, exists in Helleborus viridis, and 
helleborein, OgjH^^Oig, in Helleborus niger. They both 
crystallize in needles, and act as narcotics. The former de- 
composes into sugar and HelUhoresin, CgoHggO^, the latter 
into sugar and hellehoretiuy Cj^HgoOg. 

Olycyrrhizin, exists in the liquorice-root. It is a white 
powder, which is decomposed by acids into dextrose and gly^ 
cyrrhetiUy a resinous body. 

Digatalin, is the active principle of Digitalis purpurea. It 
forms small colorless crystals very slightly soluble in water, 
easily in hot alcohol and chloroform. Dilute acids decom- 
pose it into sugar and digitalretin, an amorphous substance. 
On warming with concentrated chlorhydrio or phosphoric 
acid, it assumes » beautiful green color. 



Coloring Matters. 



Some of the more important coloring matters occurring in 
nature, the constituti9n of which is accurately known, as well 
as some of those which have been produced synthetically, have 
already been mentioned, e.g., indigo-bluo and alizarine. Color- 
ing matters are of both vegetable and animal origin. In the 
former case, they do not usually exist already formed, but 
united with sugar as ethers, and are set free by fermentation. 
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and by the action of dilute acids and alkalis. The substances 
occurring in plants are, hence, glucosides, and are called, 
when the substance united with the sugar is a coloring 
matter, chromogenes. 

The coloring matters all belong to the aromatic series. 
They possess in general weak acid properties, are soluble in 
alkalis with a peculiar color which is not usually that of the 
free coloring matter, and form insoluble compounds with 
metallic oxides,, particularly with the oxides of lead, tin, iron, 
and alumina, as well as with animal, and occasionally vege- 
table fibres. 

Dyeing depends on the animal or vegetable fabric, either 
by itself or impregnated with a solution of aluminum acetate, 
lead oxide, etc., attracting the dissolved coloring matter and 
forming with it an insoluble compound. 

When the dye deposited on the fibres is insoluble in acids 
and alkalis it is called "fast," but when acted on, it is desig- 
nated "not fast," or "fugitive." Owing to the different 
degrees of solubility of the coloring matters, this classification 
is naturally very imperfect. 

Coloring matters are decomposed by oxidizing agents. The 
ozone and hydrogen peroxide of the air, or, better still, chlo- 
rine, decompose almost all coloring matters, or as it is ex- 
pressed, "bleach" them (chlorine-bleach, grass-bleach). 

Sulphurous acid bleaches many coloring matters, particu- 
larly those of animal origin, forming with them colorless 
compounds, which, however, are decomposed by strong acids 
(sulphuric acid) with regeneration of the color. 

A great number of coloring matters which occur in nature 
have been produced by artificial means, e,g,y the aniline colors, 
eosine, naphthalene-yellow, etc. 

A series of homologous compounds, which are anhydride compounds 
of acids, occur in the lichens. Most of them yield on decomposition 
orcinol, CtHhOj (See p. 249), which with ammonia, forms Uchen^ed, or 
orce?f,n. The Rocella tinctoria contains orseUic acid, CicHmOt, the salts 
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of which when boiled with water yield orseUinie acid, C8H8O4. OrseUinic 
acid decomposes into orcinol C7H(,03| and carbonic acid. 

As the constitution of orcinol is C0H3 -j xir ^^' orsellinic acid is : 

( (OH), 
C«H. \ CH, , 
(COOH 

and orsellic acid is the anhydride of orsellinic acid : 

^/C«Ha(C0aHXCH3)0H 
^\C.H,(C0aHxCH3)0H- 

Evemie (tcid, CnHisO?, occurs in the Evemia prunastri. On boiling 
with alkalis, it breaks into eveminic ctcid, C8H10O4, and orsellinic acid, 
CsHaO* : 

CitHi.Ot + HaO = C9H,o04 + C«H«04. 

roH 

Eveminic acid has the constitution, CeHa •< ^ . Evemio acid is 

(cOOH 
hence : 

n/C«H2(COOH)(CH3XOCH,) 
^\CaH.(COOHXCH,XOH) * 

Usntc acid, H19G18O7, exists in numerous lichens {cladonia, evemia, 
parmelia and v^anea). Its last decomposition-product is betaorcinol, 

CurLioOa. 

Betaorcinol is probably, CtHs ] ng • Usinic acid is hence : 

^\C,H4(C02HXCH3)(OH)* 

The Roeella fuciformia contains erythric acid, CaoHasOiO) which, on 
boiling with alkalis, splits into orsellinic acid, CJ.H8O4, and picroerythrin, 
CiaHie07. The latter on continued boiling with alkalis, is decomposed 

into carbonic acid, orcinol, CcH, j pi?^** and erythrol, (p. 138), C4H10O4, 

Picroeryfhric acid is hence the erythrol compound of orsellinic acid : 

rCOaH 

I CH 
CeHa "J Qjj' , and erythric acid is therefore : 

( 0'C4H»0, 
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^/C.Ha(COaH)(CH3XO-C4H« 0,) 
"\C6H3(C02HXCH3),OH) 



All of the lichen-acids (orsellic, evernic, usnic, and erythric), except 
evemic acid, are crystalline compounds. They are colored red by calcium 
hypochlorite, or on exposure to the air in presence of ammonia. Ordnol 
is the final product of the action of alkalis on all of them. 

Vidpinic acid, CisHmOs, exists in Cetraria vulpina. On boiling with 
barium hydroxide, it is resolved into alphatoluic acid, CoHs'CHa'COaH 
(p. 262), methyl alcohol and oxalic acid : 

Ci»Hi406 + 4 HaO = 2 C«H,Oa + C^HaO* + CH4O. 

Alphatoluic Oxalic 

acid acid 

It forms with alkalis and alkaline earths, yeUow or orange-colored 
salts which are soluble in water. . 

Log-wood {HcBmatoxylon campechianum) contains hoematoxylin : 

CieHMO« + 3 HaO. 

which can be extracted with water. It forms yellow, transparent prisms 
with a sweet taste, and soluble in alkalis with a purplish-red color. Its 
solution in ammonia oxidizes rapidly in the air, being converted into the 
ammonium salt of a red coloring matter, TicBmatelrif CisHioOs. 

The solution becomes continually darker red. The hsematein can be 
precipitated by acetic acid. 

Santalin, C15H14O6, exists in sandal- wood. It forms microscopic red 
crystals, which dissolve in alkalis with a violet color. 

BrasiUn, CibIImOs, exists in Brazil-wood. When pure it forms al- 
most colorless prisms, which become first yellow and finally carmine-red 
when exposed to the air. It dissolves in dilute sodium hydroxide lye 
with a beautiful carmine-red color. The alkaline solution is bleached by 
acids. It is oxidized by nitric acid to trinitroresorcinol, and on dry dis- 
tillation it yields resorcinol abundantly. In alkaline solution, it is 
oxidized when exposed to the air into hrasileln, CieHiaOs, which forms 
silvery, glittering leaflets dissolving in alkalis with a purplish-red color. 

Safflor (flowers of the Carthamus U7ictoriu8) contains both a yellow and 
a red coloring matter. The latter, carthamin, CmHibOt, is a dark-red 
powder with a green reflex, soluble in alkalis with a yellowish-red color, 
and in this solution not stable. When fused with potassium hydroxide, 
it yields protocatechuic acid, CBH8(C0iH)(0H)s. 

PolychrcHt^ C48HSOO10, exists in saffron (Crocus acUivua). It is an 
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orange-red substance which is resolved by acids into sugar, an oxygenated 
oil, C10H14O, and a red body, eroein, Ci«H|gO« : 

C4«H«oO,g + HaO = 2 ClHisO. + CoHmO + C.H,aO.. 

In tumeric, a yellow coloring matter called cureumin, C14HMO4, occurs. 
On oxidation with potassium dichromate and sulphuric acid, it yields 
acetic and carbonic acids, while by incomplete oxidation with potassium 
permanganate, vanillin (methyl ester of protocatechuic aldehyde) is pro^ 
duced. Di-ethylcurcumin affords ethylvanillin. Curcumin is hence : 



C.H, I 8 



1 CH(C5H.)C00H 
OCH, 
OH 



It forms stout needles fusing at 178", and soluble in alkalis and alkaline 
carbonates with a brownish-red color.' Paper colored yellow with curcu- 
min is turned brownish-red by alkaline liquids, and on drying becomes 
violet. Acids turn it yellow again. When tumeric paper is moistened 
with a solution of boracic acid and dried, it turns orange-red. This color 
is not affected by acids, but is turned blue by alkalis. 

In the cochineal, the female of an insect {Coccus caeit) and in the 
flowers of the Mona/rda didyma, a red coloring matter, earminic acid, 
C17H18O10, occurs. On boiling with dilute acids, it breaks into carmine- 
red, CxHioOt, and a species of sugar, GflHioOe. On heating with con- 
centrated sulphuric acid at ISO'*, it evolves carbonic acid, and is oxidized 
into ruficoccin, CieHiaOe : 

C„H,80,o + O = CieHiaO. + COa + 3 HjO. 

Boiled with nitric acid, it is converted into nitrococcussic acid : 

C8H5(N0a),0,. 

Nitrococcussic acid is a tri-nitro-cresotic acid, CbHrOs, and its constitu- 
tion is hence : 

C6(NO.)3(CH3)(On)(COaH). 

The constitution of ruficoccin is probably : 

( (CH,)a 
C.4H1, ^(0H)4, 

(Oa 

i.e.y the tetra-hydroxylated quinone of dimethylanthracene. 
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The most widely distributed coloring matter is the green matter of 
leaves, and is called chlorophyll. But little is as yet known about it. It 
appears to be a mixture of a yellow and a blue coloring matter. In au. 
tumn, the blue substance disappears, and, as the leaves contain then only 
the yellow coloring matter, they appear yellow. 



Bitter Principles. 



The so-called bitter principles are closely related to the col- 
oring matters and lichen-substances. They have an intensely 
bitter taste. A number of glucosides are sometimes placed in 
this class. The bitter substances are the active principles of 
many important medicinal plants. 

Alo'ln, CijHigO,, is the active constituent of aloes. It 
forms small colorless crystals with a sweetish, bitter taste, and 
varying percentage of water. It easily becomes amorphous. 
On warming with nitric acid, it yields clirysammic acid (tetra- 
nitro-chrysazin, p. 304), C|4H2(NOjj)402(OH)jj, which ciys- 
tallizes in golden-yellow, difficultly soluble leaflets, decompos- 
ing by fusion with potassium hydroxide into oxalic acid, 
orcinol, paraoxybenzoic acid, and ahrcinic acid, CgH^oOg 
+ HgO (fine needles fusing at 115°). 

Santonin, C^gH^gOj, exists in worm-seed, and forms col- 
3rless, pearly, glittering leaflets very difficultly soluble in 
water, quite easily soluble in alcohol, and fusing at 170°. It 
is the anhydride of santonic acid, C^ gHg^O^, into which it is 
very easily converted by bases. Sodium santonate, 

C.gHj.NaO.-fSHgO, 

forms colorless rhombic crystals. Acids decompose it, setting 
free santonic acid. The acid passes very easily into santonin. 
Both santonin and sodium santonate, turn yellow on standing 
exposed to the light. 
Picrotoxin, CgjHi^Og, is contained in the seed of the 
22 
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Menispermus cocculus. It crystallizes in glittering needles^ 
somewhat soluble in water. It reduces alkaline ciipric solu- 
tions and is poisonous. 

Ceirarin, Cj gHuOg, which occurs in Iceland moss, crystal- 
lizes in needles insoluble in water^ easily soluble in alcohol. 
It dissolves in alkalis and alkaline carbonates with a yellow 
color. 

Quassiin, C^jHigOj, is the bitter principle of quassia- 
wood. It forms colorless leaflets with an extremely bitter 
taste. It is but little soluble in water^ easily soluble in 
alcohol. 

Absynthin (CgoHggO^ ?), is produced from womvwood, 
Artemisia ahsynthium. It is a very bitter substance with the 
odor of worm-wood. 

A large number of the substances of this class have been al- 
ready mentioned under glucosides. 

The following acrid principles are intimately related to the 
bitter principles. 

Cantharidin, G^^^^^O^, is the active principle of the 
Spanish-fly. It crystallizes in colorless columns, and when 
pure is insoluble in water. It produces blisters on the 
skin. 

Cossin, O^qH^sOq, is the active principle of the cosso. It 
is yellow powder with a peculiar odor and a bitter, harsh taste. 
It is difficultly soluble in water, easily in alcohol, ether, and 
alkalis. 

Betulin, OjjHg^jO 3, exists in the bark of the birch. It 
crystallizes in large, thin prisms fusing at 251°, insoluble in 
water and difficultly in alcohol and ether. 

Carotin, CjgHg^O, is found in minute crystals in the cells 
of the yellow carrot. The carrot owes its color to the pres- 
ence of this substance. It crystallizes in reddish-brown cubes, 
fusing at 168°, is insoluble in water, difficultly in alcohol, and 
possesses a fragrant odor. 

CArysin, Cj gHj ^O^, is contained in the buds of the poplar. 



BILIAEY SUBSTAKCES. 339 

It forms bright-yellow tablets fusing at 275°, insoluble in 
water, difficultly soluble in alcohol and ether, and more easily 
in alkalis, forming with the latter an intense yellow solution. 

Ostruthin, CggHg^O^, is found in the roots of the Impera- 
toria ostruthium. It crystallizes in colorless needles fusing at 
115°. Its alcoholic solution exhibits a blue fluorescence. 
Alkalis dissolve it with a yellow color. 

Feucedanin, OjoH^gO^, occurs in the roots of the 
Peucedanum officinale^ and forms colorless prisms fusing at 
76°. Alcoholic potassa, or concentrated chlorhydric acid, de- 
composes it into oreoselon, Ci^H^gO^, which crystallizes in 
needles fusing at 177°. 

Cascarillin, CigH^gO^, is found in cascarilla-bark. It 
crystallizes in colorless, bitter prisms fusing at 205°, diffi- 
cultly soluble in water and easily in hot alcohol. 

Colurribin, C^ ^ Hg gO,, occurs in the columbo-root, and forms 
colorless, bitter prisms. 

Sinilacin, 0^ gHj ^,0^, exists in sarsaparilla. It crystallizes in 
colorless prisms, which are slightly soluble in hot water, form- 
ing a strongly foaming solution with an oflEensiye taste. 



Biliary Substances. 

Before passing to the description of the more important 
parts of the animal organism, we shall take up the properties 
and metamorphoses of several compounds which occur in 
them. 

The chief constituents of the bile are the potassium and 
sodium salts of two acids, yiz., glycocholic and taurocholic acids. 

Olycocholic acid, Cg qH^ gNOg, forms fine needles, almost in- 
soluble in water, easily soluble in alcohol, and possessing a sweet 
taste and an acid reaction. It is a monobasic acid. When 
mixed with a solution of sugar, and then treated with concen- 
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trated sulphuno acid, it yields a deep purplish-red solution. 
On boiling with dilute acids, it is resolved into glycocoll, 
O.HsNO, (p. 98), and dyslysin, C24H35O3 : 

C,,H,3N0e = C,H,NO, + C,,H3e03 + H,0. 

Dyslysin is an amorphous body, insoluble in water. When 
glycocholic acid is boiled with alkalis, it splits into glycocoll 
and cholic acid,Xj^^ll^^O^ : 

C,eH,3N0e + H,0 = C,H,NO, + C,,H,,Os. 

Cholic acid crystallizes with 2JH2O, in colorless, glassy 
octahedrons which are insoluble in water. 

Taurocholic acid, CggH^gNSO,, forms colorless needles 
easily soluble in water and alcohol. Its solution turns the 
plane of polarized light to the right. On boiling with water, 
or more quickly with dilute acids or alkalis, it is decomposed 
into cholic acid, Cg^H^^^Og^ and taurin, CgH,NS03 (p. 82) : 

CseH.gNSO, + H,0 = C.^H^oOg + C.H^NOsS. 

Both glycocholic and taurocholic acids exist in varying pro- 
portions in the bile of almost all animals. To this the bile of 
the pig is an exception, as it contains two other acids, the 
hyoglycocliolic and AyotaurochoUc acids. 

Hyoglycocholic Acid, C27H43NOS, is a colorless amorphous mass, which 
is insoluble in water and easily soluble in alcohol. Its salts taste bitter. 
Its alkali salts are soluble in water, its others insoluble. It is resolved 
by boiling with dilute acids or alkalis, into glycocoU, CaHsNOa, and 
hyocholic acid, C36H40O4 : 

Ca7H43N05 + HaO = CaHsNOa + Ca6H4o04. 

Hyocholic acid forms warty crystals insoluble in water. 

IlyotaurochoUc Acid, C27H45NO8, exists in only very small amounts in 
the bile of the pig. It breaks on treatment with alkalis, into taurin, 
CrHtNSOs, and hyocholic acid, C36H40O4. 
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The bile contains^ besides the two acids mentioned^ another 
constituent, viz., cholesterin. Oholesterin, CgeH^^O, exists 
also in the blood, brain, and yolks of eggs. It occasionally 
occurs in such amounts in the bile that it separates, forming 
what are known as ** gall-stones." It is the chief constituent 
of the fat of wool. It has been proved to exist also in plants. 
It crystallizes in colorless, glittering leaflets or silky needles, 
with one molecule HgO, fusing at 145°, boiling at 360°. In- 
soluble in water, and soluble in alcohol. It is an alcohol, and 
forms a chloride, CggH^jCl, ether, etc. 

The bile contains certain coloring matters to which it owes its peculiar 
color, golden-yellow in man and grass-green in herbivora. Bilirubin, 
CiflHi^NaOa, is a bright-red powder which changes to brown on exposure 
to the air. It is insoluble in water and alcohol, but in alkalis it is very 
easily soluble, with an orange-red color, which on very great dilution is 
yellow. In the disease known as icterus, it causes the yellow color of the 
skin. It absorbs oxygen and becomes green, which accounts for the 
golden-yellow color of bile turning to green when exposed to the air. The 
bilirubin is hereby changed into biliverdin, CieHibNaOi, a blackish-green 
powder, insoluble in water and soluble in alcohol. It is colored yellow 
by sulphurous acid. Both bilirubin and biliverdin, when treated in al- 
kaline solution with ordinary nitric acid, which always contains nitrous 
acid, give characteristic color-reactions. The solution becomes green, and 
passes through blue, violet, ruby-red into a dirty-yellow. 

Gallstones, contain a small amount of bilifuscin, CidHaoNaO^, a brit- 
tle, glittering almost black mass. The following coloring matters are 
also found in bile, but in small amounts. Biliprasiny CieHaaNaOfl, a 
glittering, almost black mass. Bilihuminy a blackish-brown powder 
which is formed from the other biliary coloring matters on exposure 
of their alkaline solutions to the air. 



Protein Substances. 



A number of very highly constituted substances, some solid 
and some in solution, occur in animal and vegetable organ- 
isms. They are very intimately related to each otl^er, and 
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are called protein, proteids, albuminous suistancesy and alhii- 
minoids. They all contain carbon, hydrogen, oxygen, nitro- 
gen, and sulphur. The various kinds show small differences 
in composition from each other, but our methods of analysis 
are not delicate enough to enable us to assign them even an 
empirical formula. 

In plants, the protetn bodies are contained in far less amounts than the 
carbhydrateS, bat in the animal kingdom they form the chief part of the 
organic constituents. They are formed, however, only in the plant, and 
are introduced into the animal organism through plant-food, being only 
assimilated and further changed by the animal. 

They exist either in solution (vegetable and animal liquids) or undis- 
solved, in a soft, moist state, as organized structures, or amoi'phous, as 
the coagulum in liquids. Their being in solution in plants and animal 
structures is owing to the presence of small amounts of bases, acids, or 
salts. They can be precipitated from these solutions by boiling, or by 
alkalis, acids, and varioas salts. Precipitated in this manner, they 
form usually an amorphous, flocculent, soft, odorless and tasteless mass, 
which when dried is transparent and brittle. It is insoluble in pure 
water, but soluble in dilute alkalis. They are very unstable, being 
slightly decomposed even by precipitating from a solution and redissolv- 
ing. When kept in a moist state, they decompose quickly, becoming 
putrid, and yielding a great number of less highly constituted bodies 
(carbonic acid, volatile fatty acids, fats, lactic acid, ammonia, amine 
bases, ammonium sulphide, leucine, tyrosine, etc.). Putrefying albu- 
minous substances impart their chemical activity to many other sub- 
stances, thus acting as ferments, or starting fermentation. Thej are 
resolved by reduction with stannous chloride and chlorhydric acid into 
leucine, CflHisNOa, tyrosine, CsKiiNOs, asparaginic acid, C4H7NO4, and 
an acid homologous with asparaginic acid, glutamic aeidf GftH9N04. 

Tyrosine^ Hydroxyphenylamidopropionic Acid : 

CHnNOa = CeH4(0H)-C«H,(NH3)C00H, 

is a decomposition-product of albuminous substances, and is heUce found 
in putrefying animal liquids, rotten cheese, etc. It is a white, crystalline 
powder, very difficultly soluble in cold water, but more easily in hot. It 
is an amic acid, and unites with both acids and bases. It is hence easily 
soluble in alkalis and dilute acids. It yields a nitro-product with nitrio 
acid, and with sulphuric acid, a sulphonic acid. 
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Albamin is reoognized by the following reactions : 

On warming with concentrated nitric acid, it becomes yellow (xantho- 
protem reaction). 

On boiling with a solution of mercuric nitrate and then adding a trace 
of nitrous acid, it becomes red (Millon's reaction). 

Treated with concentrated sulphuric acid and then with a solution of 
sugar, it becomes red and then violet-red. 

On boiling for some time with concentrated chlorhydric acid, in which 
it dissolves on heating, it affords an intense violet-red solution. 

All of the albumins go into solntion when digested with 
the acid juice of the stomach at 30-40''^ producing the so- 
csLUed peptones, which are really a mixture of leucine^ tyrosine, 
. etc., and no longer albuminous substances. 

There are four classes of albuminous bodies, the differences 
* between which, however, are very slight. 

1) llbamiii, Egg-aTbumiUj Serum-albumin, Vegetable^lbU' 
min, and Ghhulitt. They are precipitated (coagulated) by 
warming their solutions to 60-70°. 

2) Casein, Animal-casein, and Plant-casein (Legumin). 
They are coagulated by the mucous membrane pt the stomach 
of the calf (rennet). 

3) Fibrin, Blood-fibrin, Muscle-fibrin (Myosin), and Glu- 
ten. They become insoluble as soon as they have left the 
organism. 

4) Proteids, Hcemoghbin, and Vitellin. They are resolyed 
by yarious agents into albumin and other substances. 

Albumins. The albumins occur in the juices of plants, and 
can be extracted from the dried plants with cold water. They 
also occur in the whites of birds* eggs, in the milk of animals, 
in the plasma of the blood, chyb, lymph, in the serous 
liquids, juices of the muscles, animal semen, and in the nu- 
tritive liquids. In all cases, it is held in solution by the salts 
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contained in the liqaids^ and can always be precipitated by 
dilation with a large amount of water. 

Solutions of albumin become turbid at 60**, and at 75° the 
whole of the albumin separates in white flocks (coagulation). 

If only a small amount of salts or acids is present, a lower tempera- 
ture is sufficient to precipitate the albumin. But if small amount of 
alkalis is present, a higher temperature is required for coagulation. 
Strongly alkaline or acid solutions of albumin are not precipitated by 
heating. 

Hydrogen sulphide is set free during the coagulation of 
albumin. Goalgulated albumin is insoluble in water. 

A solution of albumin which has been strongly acidified 
{e.g. with chlorhydric acid of 0.2^), loses its property of 
coagulating, but coagulates on neutralization with a base. 
The solution contains the so-called acid-albumin. 

When coagulated albumin is treated with concentrated po- 
tassa, a solid elastic jelly is obtained, which on washing loses 
alkali until a constant composition has been attained. This 
albumin is called alkali-albumin, and is insoluble in cold 
water, soluble in hot, its solution remaining clear after cool- 
ing. The animal and plant organisms contain many albumins 
in the form of alkali-albumins. 

A peculiar modification of albumin exists in the crystalline 
lens of the eye, and is called Crystallin. It also occurs in 
small amounts in the white of egg, chyle, etc. , and is termed 
Globulin. It is precipitated from its solution by carbonic acid 
as a white powder. 

Among the substances resembling albumin, are Paralbumin, 
which exists in dropsical ovaries, is only partly precipitated 
by boiling, and is soluble in water ; 

Pancreatin, which is contained in the juice of the pancreas ; 

Ptyalin, which exists in the saliva ; 

Diastase, which is found in germinating barley. 

The last three convert starch into sugar. 



J 
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€aseiii. The caseins are alkali-albumins which are precipi- 
tated by alcohol, metallic salts, and acids. The pure solutions 
do not coagulate on boiling, except after addition of calcium 
chloride, calcium sulphate, magnesium sulphate, etc. The 
natural solutions (milk) coagulate (curdle) slowly on exposure 
to the air, because lactic acid is formed from the milk-sugar. 
They are also coagulated by calf- rennet, probably owing to 
the presence of a ferment in it. 

The animal casein exists chiefly in milk. The vegetable 
caseYn (legumin) occurs principally in the almonds and 
leguminossB. 

Fibrin is found in the blood, chyle, lymph, and in many 
serous exudations. Tho blood coagulates (clots) after removal 
from the animal organism, the coagulum, or clot, being the 
fibrin. By beating the blood with a glass rod, it can be 
obtained in a fibrous state. It forms a white, tough, amor- 
phous mass. 

Fibrin does not exist as such in blood, but is formed by the union of 
paragiobulin and fibrinogen. The paraglobulin is contained in the red- 
blood corpuscles and diffuses out of them into the liquid of the blood 
(plasma), being found, after the coagulation of the blood, in the remain- 
ing serum, as it is present in large amounts. It is precipitated from its 
solutions by carbonic acid, and resembles globulin very much. 

The muscles contain a liquid (muscle-protoplasm) which 
after death coagulates and becomes solid {rigor mortis). The 
insoluble body thus separated, is called myosin, or flesh fibrin. 

The vegetable substance analogous to fibrin is known as 
gluten. It can be obtained by kneading wheat-flour on a 
sieve with water. The starch is washed through, and the 
gluten remains. It is a mixture of various substances, gluten- 
fibrin, gluten-casein, mucedin, and gliadin. 

Proteids. The red color of the blood is due to the presence 
of a red coloring-matter. This substance can be obtained in 
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microscopic, but beautifully formed crystals, and is called 
Hmmoglobin, It crystallizes with hydrate-water, which it 
gradually loses on exposure to the air, and dissolves in water 
to a red liquid. On boiling this solution with alcohol, a rusty 
colored precipitate separates, which, after washing out with 
acidified alcohol, becomes colorless, and is albumin. The 
coloring matter, which is soluble in acidified alcohol, is called 
haematin. 

HsBmatin contains iron. On heating it is decomposed, and 
on igniting in the air it leaves a residue of pure ferric oxide. 
Its composition is C3 4H3 4N^05Fe. 

The haemoglobin effects the absorption of gases by the 
blood. It absorbs oxygen with avidity, and gives it up again 
as soon as another gas {e.g. carbonic acid) is passed through it 
to saturation. It takes up ozone from substances containing 
ifc, and gives it up again as oxygen. On taking up oxygen, its 
color becomes brighter red, while with carbonic acid it becomes 
dark red. Hence blood containing oxygen (arterial blood) is 
bright-red, while blood containing carbonic acid (venous 
blood), is dark. 

It unites with carbonous oxide, forming a crystalline bluish- 
red compound, which is more stable than oxygenated haemo- 
globin. With nitrogen di-oxide and cyanhydric acid it forms 
compounds which are more stable than with carbonous oxide. 

The three compounds just mentioned, CO, NO, and HON, are hence 
powerful poisons, and produce death because they render the hemoglobin 
incapable of taking up oxygen. 

Haematin, which is the decomposition-product of haemo- 
globin, is a bluish-black powder, insoluble in water, alcohol, 
and ether, and soluble in alkalis, ammonia, and dilute acids. 
It forms with chlorhydric acid, a crystalline compound, which 
is used as a characteristic test for the presence of blood. 

If a fragment of dried blood is placed on the object-glass of a micro- 
scope, a grain of salt added, then covered with a glass plate, the powder 
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moistened with a drop of glacial acetic acid and warmed till the acetic 
acid begins to evolve bubbles, and then allowed to cool, the field will be 
found to be filled with minute black crystals of hsmatin. 

The spectrum of a haBmoglobin solution shows two absorption- 
bands, which have, however, different positions, depending on 
whether the haemoglobin is saturated with oxygen, nitric 
oxide, or carbonous oxide. 

In the yolks of eggs, there is a substance which, besides the 
elements common to albumins (0, H, N, 0, and S), contains 
phosphorus, viz., Vitellin. It is decomposed by warm alco- 
hol with the separation of albumin, while another substance. 
Lecithin, which contains all the phosphorus of the vitellin re- 
mains in solution. 

Lecithiny C^gHg^NPOj, is a peculiar glyceride. It forms 
a crystalline mass easily soluble in alcohol, which, on boiling 
with dilute acids, or alkalis, is resolved into oleic acid, 
CjgHg^Og, palmitic acid, Ci^HagOg, neurin, CjHijNO^, 
and glycerylphosphoric acid, C3H,02 . H2PO4 (see p. 119). 

NeuriUy which can be produced artificially by heating tri- 
methylamine, (CH3)3!N", with glycolchlorhydrin, 

0H2(0H)-CH801, 

has the constitution : 

OH2(OH)"OHj5N(OH3)30H. 

It is an ammonium base, the nitrogen of which is united with 
three methyl-groups, one hydroxyl-group and the di-valent 
rest of glycol (glycol minus OH). It crystallizes in deliques- 
cent needles which possess strong basic properties, attract car- 
bonic acid from the air, and on boiling, break into tri-methyl- 
amine and glycol. It forms finely crystallizable salts with 
acids. On oxidation, itisconverted mUiOxyneuriny O5H1 8NO3, 
which occurs in the red-beet {Beta vulgaris). It is made 
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artificially by the action of trimethylamino on monochloracetic 
acid, CHjjOrCOgH. Its constitution is hence, 

COOH-CHjj-N(CH3)30H. 

It forms large deliquescent crystals with basic properties. 

From the aboye-mentioned facts, it is possible to derive the constitution 
of lecithin. It is glycerol in which 2 H's are replaced by the rest of oleic 
and palmitic acids, and a third H by the rest of phosphoric acid, while an 
H of the phosphoric acid rest is replaced by the rest of neorin : 



CH-0-C,eHsiO 

cHro-pcK^Q? 



CHrCHrN(CH,).OH. 



As has already been stated, the composition of the various protelds can 
only be expressed in percentages, and not by chemical formulas. The fol- 
lowing will serve as examples : 



E«;g-albamin Blood-albumiu YegetHble-albamin Blood-flbrin 


Vegetable-fibrla 


C =53.4^ 


53.0^ 


53.4^ 


- 


62.6^ 


53.4^ 


H- 7.0% 


7.1^ 


7.1^ 




7.0 J^ 


7.1^ 


N- 15.6^ 


1\Q% 


15.6^ 




17.4^ 


15.6^ 


=22.4^ 


23.1^ 


23.0^ 




21.8^ 


22.8^ 


S = l.G^ 


1.2^ 


0.9^ 




1.2^ 


1.1^ 


Milk-cascTn 


Legumin-caseTn 


Almond-casein 


HsenK^lobin 


C = 53.6 % 


51.5^ 




50.8^ 




53.8 5^ . 


H- 7.1% 


7.0^ 




6.7^ 




7.3 5^ 


N = 15.7 % 


16.8^ 




18.4^ 




16.1^ 


=22.6^ 


24.3 % 




28.7^ 




21.9^ 


S = 1.0^ 


0A% 




0.4 jg 




0.5^ 










Fe = 0.4^. 



We come now to a series of nitrogenous bodies which are 
intimately related to the proteltn substances proper, and which 
are derived from them, but which differ from them in con- 
taining much less carbon. They possess the general name of 
Albnminolds. 

In many pathological conditions, the cells and tissues suffer 
a peculiar change and assume a waxy consistency. A sub- 
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stance is hereby formed which is colored reddish-brown by 
iodine, and green or blue when first moistened with concen- 
irated sulphuric acid. As these reactions resemble those of 
starch (amylum), this substance is called amyloid. It is a 
colorless, crumbly mass, insoluble in water, alcohol, and 
ether. It passes with difficulty into putrefaction. 

Animal connective tissues, on continued boiling with water, 
form a clear solution, which, when cool, solidifies to a soft 
elastic mass. This gelatinizing substance is called glue. 
There are two species of glue, viz. : glutin and chondrin. 

Olutin is obtained by boiling bones, tendons, skins, etc., 
with water. It forms, when dry, a colorless, transparent, 
brittle mass, which swells up in water, and at 40° absorbs 
water without dissolving. It forms a thin solution when 
boiled with water, which gelatinizes on cooling. It loses the 
property of gelatinizing, if boiled repeatedly with water, more 
quickly when boiled with dilute acids, or by heating to 140° 
with water in closed vessels. 

It is precipitated from its solution by alcohol and tannic 
acid. Concentrated sulphuric acid decomposes it, forming, 
besides other products of decomposition, chiefly glycocoU and 
leucine. In the moist state, it passes easily into putrefaction. 

Chondrin is prepared by boiling young bones, which are 
still soft, and cartilage with water. It resembles glutin very 
much, and is only distinguishable by its being precipitated 
from its aqueous solution by dilute acids and the salts of iron, 
copper, lead, and silver. It is not precipitated by niercuric 
chloride. By the action of sulphuric acid, leucine only and no 
glycocoU is produced. It is also decomposed by concentrated 
chlorhydric acid, a fermentable sugar, chondroglucose^ being 
produced among other substances. 

The homy tissues, e.g., hair, wool, feathers, nails, claws, 
talons, hoofs, horns, epidermis, epithelium, etc., contain as a 
chief constituent, keratrin. Keratrin does not form a glue 
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with water, but dissolves when digested with it at 150**, yield- 
ing a clear solution which does not gelatinize on cooling. 

Hair and wool contain considerable sulphur (about 6%), a part of which 
is so loosely combined, that it will unite with lead or silver. This explains 
the blackening of the hair when combed with a lead or silver comb. 

Mucin exists in the saliva, mucus, bile, synovia, urine, 
semen, excrement, and glands. It is a colorless, opaque, 
flocculent mass, which, on drying, becomes brittle and horny. 
It is insoluble in water, but swells up in it. It is soluble in a 
dilute salt solution. Its solution is glairy and ropy, and foams 
on shaking. It does not contain sulphur. 

Elastin is the basis of the elastic tissues. In a moist state, 
it is very elastic, insoluble in water, dilute acids and alkalis. 
When dry, it is hard and brittle, but swells up when placed 
in water. On boiling with sulphuric acid, it yields leucine, 
but no tyrosine. 

Silk'fihrin is an albuminoid, and the chief constituent of 
silk. It is a white, glittering mass, insoluble in water, and 
soluble in alkalis and concentrated acids. On boiling with 
dilute sulphuric acid, it yields leucine, tyrosine, glycocoll, and 
sugar. 

The important difference between vegetable and animal 
life consists in the former producing highly constituted com- 
pounds from simpler substances ; as carbonic acid, ammonia, 
water, etc., which are taken up from the earth and atmos- 
phere. Animals, on the other hand, consume the compounds 
built up by plants, and decompose them into the original 
simple compounds. Plant life is a synthetic and reduction 
process (plants principally inhale carbonic acid and exhale 
oxygen), while animal life is an analytical and oxidation proc- 
ess (animals inhale oxygen and exhale carbonic acid). 
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Appendix. 

There are two methods by which the constitution of a 
compound can be determined. Both of them are usually 
employed. Complicated substances are decomposed by simple 
reactions into simpler bodies, the constitution of which is 
known, or more complicated compounds are produced from 
simple substances of known structure. The former method 
is the analytic, the latter the synthetic. Both of the meth- 
ods will be described, but it is first necessary to explain the 
methods for the determination of the percentage composi- 
tion and molecular weight of compounds. 

Determination of the Composition of Organic 

Substances. 

Estimation of Carhon and Hydrogen, — Carbon and hydrogen 
are always estimated in a single operation. As it has already 
been stated in the introduction, the carbon is oxidized to car- 
bonic acid and the hydrogen to water. Two substances rich 
in oxygen are used as oxidizing agents, viz., cupric oxide, 
CuO, and plumbic chromate, PbCrO^, or a mixture of both. 
The combustion is effected in a tube of diflBicultly fusible glass 
60-70 cm. long (Fig. 1). The glass tube is drawn out at one 
end into a narrow tube turned up at an obtuse angle and the 
end closed by fusing. The tube is half filled with freshly 
ignited, perfectly dry cupric oxide, or plumbic chromate (to 
&), and a weighed amount of the substance mixed in by means 
of a brass rod which is bent at the end in the form of a cork- 
screw. The remainder of the tube is then filled with cuprio 
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oxide and closed with a tightly fitting cork through which 
pasL;c3 a U-tube filled with calcium chloride (d) ; the calciun?. 
chloride absorbs the water formed by the combustion. Con« 
nected with this tube, is a peculiar bulb-apparatus (e) (Lie- 
big-bulb), which serves to absorb the carbonic acid. It is filled 
with a concentrated solution of potassium hydroxide, and 
connected with a small U-tube (/) which is filled with small 
pieces of potassium hydroxide, which absorb the last traces 
of carbonic acid, and also take up any moisture which may- 
be carried from the potassa solution by the stream of gas. 

Fig. 1. 




By gently tapping the tube, a canal is formed for the evo- 
lution of the gaseous products of combustion. The tube is 
then placed in the combustion furnace and heated. 

Figure 1 represents the combustion tube filled and ready 
for analysis. Fig. 2 shows the whole apparatus. 

Up to a is pure cupric oxide ; 

Or-b is the mixture of the substance and cupric oxide ; 

h-c is again pure cupric oxide ; 

d is the calcium chloride tube ; 

e is the bulb-apparatus filled with potassium hydroxide solution ; 

/ is the tube filled with solid potassium hydroxide. 

Both the calcium chloride tube and the potash-bulbs are 
weighed before the combustion. The tube is gradually heated to 
a red heat, beginning at c and advancing slowly, till the whole 
tube is heated. The operation is observed by the passage of 
the bubbles through e, Wlien the combustion is ended, the 
potassa solution rises in the bulb nearest the calcium chloride 
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tube. The flames are then extingaished^ the point of the 
tube broken, and air, which has been freed from moistnre and 
carbonic acid by pacing over calcium chloride and through a 
solution of potassium hydroxide^ is drawn through the tube 
in order to remove the last traces of moisture and carbonic 
acid remaining in it. The calcium chloride tube and the 
potash-bulbs are then again weighed, and the differences be- 
tween the first and last weights give the amounts of moisture 
and carbonic acid which have been formed by the combustion 
of the hydrogen and carbon in the substance. 

The weight of water obtained is to the weight of hydrogen 
in the substance as HgO : Hg, or as 18 : 2, or as 9 : 1, i.e., the 
weight of the hydrogen is ^ of the weight of water found* 
The relation between the carbonic acid and the carbon is as 
CO 2 : C, or as 44 : 12, or as 11 : 3. The weight of the car- 
bon is hence y\- of the weight of the carbonic acid fouud. 

If the substance to be analyzed is a liquid, it is introduced 
into a small glass bulb. Fig. 3, by placing the point under 
the surface of the liquid and warming the bulb. On cool- 
ing, the liquid rises and fills the bulb. The point is 
then fused. The combustion tube is filled to a with 
cupric oxide, the bulb thrown in with such force that 
it is broken, the remainder of the tube then filled with 
cupric oxide, and the operation carried out as in the 
preceding case. 

If the substance contains, besides carbon and hydro- 
gen, nitrogen, a part of the oxygen of the cupric oxide 
unites with the nitrogen, forming NO, which is absorbed 
with the carbonic acid, by the potassa, thus rendering 
the determination of the carbonic acid valueless. In 
this case, a layer of metallic copper is placed in the 
front part of the tube. Copper possesses the property 
ju of decomposing NO at a red heat, setting free the 

nitrogen and uniting with the oxygen. 
The layer of metal should fill about 10 cm., and should, 
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previously to its use, be ignited and cooled in a stream gf dry 
hydrogen. 

When the substance contains chlorine, bromine, iodine, 
sulphur, or phosphorus, it cannot be burnt with cupric oxide. 

In this case, plumbic chromate must bo used, and the first 
three or four flames must be kept low, so that the end of the 
tube next to the calcium chloride tube does not become heated 
to a full red. 

Estimation of Nitrogen, — In most cases the nitrogen in 
organic substances can be converted into ammonia (the excep- 
tions are nitro-compounds and certain organic amides). The 
substance is heated with soda-lime (a mixture of equal parts 
of caustic soda and lime), in a tube of difficultly fusible glass, 
the operation being carried out as in the ordinary combus- 
tion. Ammonia is evolved and absorbed by leading into dilute 
chlorhydric acid, and determining the ammonium chloride 
formed by conversion into platinic ammonium chloride, 
(NH4Cl)gPtCl4. The ammonia can also be absorbed by a 
measured amount of a standard acid, and the amount neu- 
tralized determined by titration with a standard alkali. If the 
nitrogen is in the form of a nitro-group, it is estimated in the 
following manner : The substance is burnt, as just described, 
with cupric oxide and metallic copper, but in the end of the 
tube, a layer of about 5 cm. of magnesium carbonate is placed. 
After this follow the layer of cupric oxide, the mixture of the 
substance with cupric oxide, another layer of cupric oxide, and 
finally the spirals of metallic copper. The open end of the tube 
is then closed with a cork through which passes a tube bent as 
shown in Pig. 4, which passes under the surface of the mercury 
contained in the bath, and under the end of the eudiometer, or 
graduated glass tube. On top of the column of mercury in the 
eudiometer, a layer of a solution of potassium hydroxide is 
placed. The magnesium carbonate is first heated carefully, till 
carbonic acid is freely evolved and all the air is expelled from 
the tube. Tliis is shown by the complete absorption of the bub- 
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bles by a Bolatlon of potusBiam hydroxide, which is co>i- 
Teniently contained in a test-tubo iuverted over the delivery 
tube. 

When the babbles are completely absorbed, the tube i3 
heated, beginning at the delivery-end and proceeding carefully 
toward the closed end. The gas evolved is received in the 
eudiometer. When no more gas is given off, the layer of 



magnesium carbonate is again heated till the bubbles are com- 
pletely absorbed by the potassium hydroxide eolnticn. The 

gaa contained in the eudiometer is pure nitrogen. The eudi- 
ometer is then placed in a tall vesael filled with water, and 
after standing some time, the volume of the gas is noted. 
From the volume of gas thus obtained, its weight is calculated, 
due obseirance being made for the temperature, content of 
moisture, and the pressure of the atmosphere. 

Tha formula lor calculating the weight of a given volame of nitrogen 

P = 0.0018 56 '^yj'J.S-f) 
760 x"(l + 0.003B70 ■ 
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P denotes the weight of nitrogen sought ; 

F denotes the observed volume of the gas in cubic centimeters ; 

B denotes the barometric pressure ; 

/ denotes the tension of the vapor of water at the temperature t ; 

t denotes the temperature at the time of the observation ; 

0.001256 is the weight'of 1 c.c. of nitrogen at 0** C. and 760 mm. baro- 
metric pressure ; 

760 is the normal barometric pressure ; 

0.00367 is the coefficient of expansion for a gas for one degree Centi- 
grade. 

Chlorine, Bromine^ and Iodine are estimated by two methods. 

1) The substance is mixed with pure caustic lime and 
ignited in a short combustion tube. The mass, after cooling, 
is diffused in water and dissolved in nitric acid, the solution 
filtered, and the halogen precipitated and weighed in the form 
of its corresponding silver salt. 

2) The substance is heated with twenty to thirty times its 
volume of concentrated nitric acid and some solid silver nitrate, 
in a closed tube at 100°- 300° for several hours. The hydrogen 
and oxygen of the substance are completely oxidized into car- 
bonic acid and water, while the halogen unites with the silver. 
After cooling, the tube is opened carefully, the contents 
washed out with water, filtered, and the insoluble silver chlo- 
ride, etc., weighed as usual. 

Sulphur and Phosphorus are also estimated in two ways. 

1) The substance is ignited with a mixture of four parts 
of sodium carbonate, and one part of potassium nitrate. The 
sulphur and phosphorus are oxidized, forming sodium sul- 
phate and phosphate. The sulphuric acid of the sulphate 
is precipitated as barium sulphate with barium chloride, and 
the phosphoric acid as ammonium magnesium phosphate with 
magnesium chloride and ammonia. 

2) The substance is heated in a closed tube at 100° to 300° 
with 20-30 times its volume of concentrated nitric acid. The 
sulphur and phosphorus are oxidized into sulphuric and phos- 
phoric acids, and are estimated by the usual methods. 
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The other oonstitnents of organic componnds are estimated^ 
after the destruction of the organic substance, by the usual 
methods of analytical chemistry. 



10 




It has been stated in the introduction that the simplest way 
p. g to determine the molecular weight of w g 
a substance, is to compare the weight 
of a certain volume of its gas with the 
same volume of air or hydrogen. As 
the atomic weight of hydrogen is taken 
as unity, it is more advisable to com- 
pare the volume- weights of all substan- 
ces with it, for the molecular weight is 
then obtained by simply doubling the 
number found. As pressure and temperature, 
however, exercise an important influence on the 
1^ expansion of gases, it is necessary to reduce the 
volume found to 0° and the normal atmos- 
pheric pressure (760 mm.), and to compare it 
with hydrogen measured under the same con- 
ditions. One C.C. of hydrogen at 0° and under 
760 mm. pressure weighs 0.0000896 gm. 

The specific weight of a body is estimated by 
two methods, viz. : either by determining the 
volume of a known weight of a substance, or 
by determining the weight of a known volume 
of the substance. 

The first method is carried 
out in two ways. (1) The ap- 
paratus consists of a flask c 
(Fig. 6), in which is placed the 
tube J of a capacity of about 
100 c.c. and about 200 mm. 
high, which terminates in a glass tube 600 mm. 



Fig. 7. 
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long and about 6 mm. in diameter, ending in a stopper-neck. 
About 100 mm. from the end, a tube, a, is fused on. 

A weighed amount of the substance, sufficient to give not 
more than 50 c.c. of vapor, is placed in the small tube J, and 
dropped into the main tube by means of the device shown in 
Fig. 6. On pressing the wire / of the support, d is removed, 
and the tube e falls. In Eig. 7 the object is accomplished by 
having the end of the main tube movable by means of the 
rubber connection d. On elevating the movable arm a, the 
small tube i falls into the heating tube. A piece of card- 
board, Cy is affixed to the under side of the movable arm, to 
prevent the heating of the substance. Depending on the 
temperature necessary, the flask c is filled with water, xylene, 
aniline, ethyl benzoate, amyl benzoate, diphenylamine, etc. 
For heating above 310° a bath of melted lead is used. When 
very high temperatures (1,500-1,600°) are required, the appa- 
ratus is made of porcelain. 

The operation is conducted as follows : The tube h is heated 
till no more bubbles of air issue at /, and the temperature 
remains constant. The substance is then allowed to fall into 
the tube, and the air which is displaced by the vaporization of 
the substance is collected in a graduated tube. When no more 
bubbles appear, the graduated tube is placed in a tall vessel 
of water, and after the temperature of the air and the water 
have become the same, the levels of the water within and 
without the tube are brought to the same point, and the vol- 
ume of gas read off. 

The weight of the gas is calculated by the following formula : 

^ ^ (1 + 0.003665.0.587780 

U = O . 7-5 : — T? 

S is the weight of the substance ; 
B Is the barometric pressure reduced to 0*" ; 
to is the tension of the vapor of water at T ; 
Fis the volume of air. 



(2) A graduated tube a, one meter long (Fig. 8), is filled 
with mercury and inverted over mercury, bo that a barometric 
vacuum of about 25 cm. exists in it, and the height of the 
colnmn of mercury standing over the surface of the mercury 
in the bath estimated. 
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A weighed amount of the substatnee, contained in a small 
flask (Fig. 9), is then placed in the tube. The tube is next 
covered with the large tube 5, which is contracted above into a 
small tube, bent at a right angle and connected with a flask, /, 
filled with water, turpentine (boiling at 160°), or aniline (boil- 
ing at 185°). The whole apparatus is steadied by a Fig. 9. 
stand. The liquid in the flask is now heated. The 
vapor fills the outside tube, bringing it to its own tem- 
perature. The substance in the inner tube is vapor- 
ized, pressing the mercury down. As soon as the 
level of the mercury remains constant, the operation is finished. 

The volume of gas is read off, the height of the column of 
mercury again measured, its volume found at the temperature 
of the vapor (100°, 160°, or 185°), and the observed baromet- 
ric pressure reduced to the temperature of 0° and 760 mm. 
pressure. The height of the mercury above the surface of 
the mercury in the bath is ascertained by means of a measuring 
apparatus, which consists of a brass rod containing an iron 
pendant divided into millimeters, moved by a screw, and ter- 
minating in a steel point. The brass rod is suspended from 
the stand by mean& of a universal joint. 

The vapor density of a gas compared with hydrogen is calculated by 
the following formula : 

jy_ 760 X (273 + r) xp 
~ F X 273 X 0.0000896 x B * 

h ( ^' ft" .X 

1 + O.OOUlb^ U -f 0.00018< "^ 1 -f 0.00018*' "^ V ' 



B = 



B is the vapor density sought (100," 160," 185,° etc) ; 
V is the temperature of the vapor ; 
t is the temperature of the room ; 
p is the weight of the substance taken ; 
"Tis the observed volume in c.c. ; 
B is the height of the barometer ; 

y the height of the column of mercury not heated by the vapor ; 
I h" the height of the column of mercury heated by the vapor ; 
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b'-\-b" is the height of the column of mercury above the level of the 
surface of the mercur; in the bath, after attaiaing a constant point (a"), 
at the temperature t ; 

790 is the normal height of the barometer ; 
27iJ + ' is the eipaosioa of the gas by the rising temperature ; 
0.0000800 is the weight of one cubic centimeter of hydrogen ; 
l-(-0.00016i istheexpansionof liquid mercury from thet«mperatuTe t. 
It eKpanda 0.00018 ol its volume for every degree C. 

The gas-volume weight of all bodies which boil under 250" 
COB be estimated b; this method. For sabBtances boiling at 




higher temperatures, the second method can be used where 
the first modification of the first method is not desirable. 

A small glass balloon, holding abont 200-300 cc. (Fig. 10), 
is drawn but to a fine point and bent upwards. Abont fire 
grams of the substance are placed in the balloon, which is 
then heated ia a hath of easily fusible alloy to a temperatnre 
about 30-30° above the boiling point of the substance. The 
temperature must be kept constant for some time, so that the 
rapors of the substance may drive all the air out of the bal- 
loon and fill it completely. The end of the fine tnbe of the 
balloon, which projects from the bath, is then fused, and the 
balloon removed from the bath, cooled, and weighed. 
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The point is then broken under mercury, which at once fills 
the vacuum. The amount of mercury required to fill the bal- 
loon is determined. To obtain the weight of the glass, the 
weight of the air is subtracted from the weight of the balloon 
filled with air. The weight of the volume of the gas at a known 
temperature is obtained by subtracting the weight of the 
glass from the weight of the balloon filled with the gas. The 
volume of gas is then reduced to 0° and 760 mm. pressure. 

Analytical method for the determination of the constitution 
of compounds. — This method consists in decomposing a com- 
pound into simpler substances of known constitution, or into 
substances of the same carbon content of known constitution. 

When we find that naphthalene, for instance, yields phthalio 
acid on oxidation, it is proved that naphthalene contains a 
benzene nucleus ; and, further, that two carbon atoms of the 
benzene chain are united with hydrocarbon rests instead of 
with hydrogen. A portion of the structure of naphthalene 
is thus shoTy^n to be 

I II 

HO 

H 

The elimination of carbonic acid from organic acids by 
heating with lime, or sodium hydroxide, is an analytical 
method. Acetic acid yields methane when distilled with 
lime, while benzoic acid affords benzene by the same treat- 
ment : 



CjjH^Og = CH^ 4- CO, 

Acetic acid Methane 

C,HgOo = CgHg + COj, 

Benzoic acid Benzene 
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It follows, therefore, that benzoic acid has the same rela- 
tion to benzene, as acetic acid to methane. Since acetic acid 
may be supposed to be derived from methane by the replace- 
ment of an atom of hydrogen by a carboxyl-group, benzoic 
acid can be derived from benzene by the replacement of an 
H by COOH. 

CH^, Methane, CHj'COOH, Acetic acid. 
CgHg, Benzene, CgHg'COOH, Benzoic acid. 

In this manner the constitution of many aromatic acids 
has been determined. Catechuic acid, C^HgO^, for instance, 
yields on distillation by itself, or better, with lime, pyrocate- 
chol. Pyrocatechol has the constitution, CgH4(0H)2. Hence 

catechuic acid must have the constitution, CgHj ■< x^ -/#. 

Gallic acid has the composition, CjHgOg. By elimination of 
carbonic acid, pyrogallic acid, CgHgOg, or OeH3(OH)3, is 
obtained. Hence gallic acid has the constitution : 

This method for the elimination of carbonic acid affords 
also a method of producing new compounds. All the com- 
pounds which bear the name of *^pyro^ have been formed 
from other substances by elimination of carbonic acid, viz. : 
pyromucic acid, pyromellitic acid, pyroracemic acid, pyro- 
catechol, etc. 

Oxidation frequently affords an insight into the constitution 
of a substance, and constitutes a second analytical method. 
The oxidation of an alcohol shows whether it is primary, 
secondary, or tertiary ; for the primary alcohols yield on oxi- 
dation, aldehydes ; the secondary, ketones ; and the.tertiary 
are decomposed into acids of lower carbon content. 

In the same way, the constitution of the ketones can often 
be ascertained. Ketones are decomposed by oxidation into 
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acids of lower orders (p. 113), the CO-group remainiTig with 
the lesser hydrocarbon rest. 

Methyl-butylketone, CHj'CO'O^H,, yields acetic and bu- 
tyric acids on oxidation : 

CH -CO'C^H, +30 = OH3-COOH + O^HgO,. 

Methylbutylketone Acetic acid Butyric acid 

While tlie isomeric ketone, ethyl-propylketone, yields only 
propionic acid : 

C„H -CO'CgH, +30 = OjjHj'COOH + CsH^Og. 

Ethyfpropylketoiie Propionic acid. 

The aromatic hydrocarbons homologous with benzene, i.e., 
containing side-chains, are, as a rule, easily oxidized. The 
whole side-chain breaks off, leaving one carboxyl united with 
the benzene nucleus. The atom of carbon of the side-chain, 
which is united to the benzene nucleus, is oxidized to car- 
boxyl, while the other atoms of the side-chain are oxidized to 
acids of the fatty series (see p. 231). 

OeH5-CH3 + 30 = CiH,-CO»H + H,0 

Tolaene Benzoic acid 

C.H.-OHj-CHj + G = C,H,-00,H + CO, + 2 H^O 

£thylbenzene Benzoic acid 

CjH.-OHj-CHj-CH, + 50 = C.Hs'OO.H + OH,-COgH 

Propyl benzene Benzoic acia Acetic acid 

+ H,0. 

All homologues of benzene having only one side-chain 
yield benzoic acid on oxidation. In the same way, all homo- 
logues of benzene having two side -chains give dicarboxylic 
acids (one of the three phthalic acids) on oxidation. 

C.H,|gg3 + 60==C.HJgg^g + 2H,0 

Dimethylbenzene Plithalic acid 

c.H* { ci:oH3 + » <> = c.H. I gg;g + CO, + 3 H,0 ; 

Metliylethylbenzene Phtlialic acid 
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^«^* { cIh| + 12 = O.H, I gg«g + 2 00, + 4 H,0. 

Diethylbenzeue Phthalic acid 

The products obtained by the oxidation show clearly, there- 
fore, the number and nature of the side-chains. 

The constitution of a substance can often be determined in 
exactly the opposite way, yiz.: by reduction. In this way 
the sulphonic acids are distinguished from the isomeric alkyl- 
sulphurous acids. The former yield with nascent hydrogen, 
mercaptan ; the latter, alcohols and hydrogen sulphide : 

CH "SOgOH + 6 H = CH3SH 4- 3 H^O 

MethyTsalphouic acid Methyl mer- 

captan 

CH,-0"SOjH + 6 H = OH, on + aH^O + HgS. 

Methyl aalpharous acid Methyl alcohol 

In a similar manner, the nitro-compounds are easily dis- 
tinguished by reduction, from the isomeric nitrous esters. 
The former giye amido-compounds, the latter, alcohols : 

CHgJSrOg 4- 6 H = CH3NH2 4- 2 HgO 

Kitromethano Methylamine 

CH -0"N0 + 6H= CH,OH + NHj + H^O. 

Methyl nitroaa Mcthyf alcohol 

ester 

There are no other general methods for the determination 
of the constitution of substances analytically. The constitu- 
tion of many compounds can, however, be ascertained by con- 
version into simpler compounds of known constitution. As 
examples, we may recall uric acid (p. 167), creatine (p. 171), 
the glucosides (p. 329), the lichen principles (p. 333), etc. 

The synthetic method for the examination of the molecular 
structure of compounds consists in starting out from simple 
compounds of known constitution, and building up from 
them more complicated substances in such a manner that the 
reactions can be accurately followed, and the constitution of 
the bodies formed determined. 
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The synthesis of organic compounds, from their elements, 
constitutes here a particular class. By passing the vapor of 
ammonium carbonate, which is easily sublimable, oyer fused 
potassium, potassium cyanide is formed. Potassium cyanide 
is converted by oxidizing agents (minium), into potassium 
cyanate. Potassium cyanate, on boiling with a solution of 
ammonium sulphate, is transposed into urea. • Ammonium 
cyanate is first formed and then converted into urea by atomic 
migration. 

2 KCNO + (NH J2SO4 = K2SO4 + 2 NH^-CNO. 

NH^-ONO = Co/^2' ^^®^- 

Hydrogen sulphide and carbon disulphide, when passed over 
heated copper form methane : 

2H2S + CS2 +4Cu2 =4Cu8S4-CH4. 

By the action of chlorine on methane, methyl-chloride, 
CH3CI, is formed, from which all the derivatives of methane 
can be obtained ; from it, also, compounds of higher carbon 
content can be built up. 

When electric sparks are passed between poles of carbon in 
an atmosphere of hydrogen, acetylene is formed. Acetylene, 
"C^Hg, treated with nascent hydrogen yields ethylene, CgH^, 
and ethane, CgH^, from which all the derivatives of ethane 
can be obtained. By leading acetylene through a red-hot 
tube, benzene is formed : 

from which an infinity of aromatic compounds can be pro- 
duced. 

Synthesis, in its broadest sense, means the artificial produc- 
tion of an organic compound from another. We shall have 
occasion later on, under the action of reagents on organic sub- 
stances, to mention the methods by which it can be effected. 
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In a stricter sense, we understand by synthesis, the joining 
together of hydrocarbon rests by means of their carbon atoms. 
Strictly speaking, the production of ether is not a synthetic 
process, because the binding of the two rests is effected by 
oxygen : 

CH3OH + OH3OH = CHg-O'CHj 4- H2O. 

The formation of methyl cyanide from methyl iodide, is, on 
the other hand, a true synthesis : 

CH3I + CNK = CH3-CN + KI. 

The principal methods for the production of compounds 
rich in carbon from those poor in carbon are the following : 

1. The sodium compound of an organic substance is 
treated with the halogen compound (alkylogen, Le. chloride, 
bromide, or iodide), sodium chloride, etc., being formed, and 
the two rests uniting : 

CHgNa 4- CH3Br = CH "CHg -f NaBr 

Ethane 

CgHjNa + CH,Br = CgH.-CH, + NaBr. 

Propane 

A yery large number of organic compounds haye been pro- 
duced by this method. ^ 

By acting with sodium on an ester (compound ether), hydro- 
gen is set free, and a sodium compound is formed, in which 
the sodium is united to the carbon atom. The compound 
thus obtained, when treated with an alkylogen, yields the 
ester of an acid -richer in carbon : 

2CH3-COOC,H6 +2]Sra 
= OH3-CO"CHNa-COOC2Hg + CgHgONa + Hg. 

Ethyl sodiamaceto-acetic ester 

OH3-CO"CHNa-COOCgH5 + C^HgEr 
= NaBr + CHs'CO-CH-COOOgHj. 

I 

CgHg 

Aceto-ethylacetic ethylester 



i 
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Potassium hydroxide not only saponifies the acetoacetic 
ethylester, but decomposes it according to another reaction. 
In one reaction, acetic acid and a second acid are formed, 
while in the other, carbonic acid and a ketone are formed : 

a) CHa-OO'CH-COOO-jHg +2K0H 

i 
C2H5 

= CHg-COOK + C^Hg-CHrCOpK + CgHgOH. 

Potassium batyrate 

b) CHs-CO"CH"COOCgHj + KOH 

I 
C2H5 

!Sfethyl-propyI-ketone 

Instead of ethyl bromide, the chloride or iodide of any 
hydrocarbon, aci-chlorides, bromides, etc., and chlorinated, 
brominated, etc., esters can be used, so that an almost un- 
limited series of acids and ketones can be produced. 

In many cases it is not necessary to make the sodium com- 
pound, in order to eliminate the halogen and join the rests 
together, it being sufficient to treat two chlorides, bromides^ 
or iodides with sodium : 

CH3I + CH3I + Na^ = CH2-CH3 + 2MraI 

Ethane 

OH3I + CgHjBr + Kag = CHj-OgHj + HaBr + Nal 

Propane 

C,H,Br + CH3I + N"ag = C.Hj-CH, + NaBr + Nal 

Methyibenzene 

t 

OeHjBr + OgH.Br + Na^ = C.H "CgHj + 2 NaBr 

Ethylbenzene 

C.HjBr + C,HgBr + Na^ = CgHs-C,Hj + aifaBr. 

Diphenyl 

Many hydrocarbons, particularly of the aromatic series, 
have been obtained in this way, 
24 
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2. By leading carbonic acid through the sodinm compound 
of a hydrocarbon, the carboxylic acid of the next higher series 
is formed : 

CHjNa + COg = C^HaNaOo = CHj^-COgNa. 

Somam acetate 

By leading carbonic acid over the sodium salt of a phenol, 
the corresponding acid of the next higher carbon series is 
obtained : 

2C,H,0Na + 00, = C,H, | gjjj^^ + C.H.OH. 

Sodiam phenoxide Sodium salicylate 

Analogous to this reaction, is the formation of the corre- 
sponding aldehyde of a higher carbon series by digesting the 
alkaline solution of a phenol with chloroform, the chloroform 
acting as formic acid in statu nascendi : 

CeHgOH + CHCI3 + 3 NaOH 
= CeH JONa)"CHO + 3 NaCl + 2 H^O. 

Sodinm salicylaldehyde 

In this case, also, it is frequently only necessary to pass the 
carbonic acid through the bromide or iodide of the hydro- 
carbon in presence of sodium : 

CeHgBr + Na^ + CO^ = OeHg-COONa + NaBr. 

Sodium benzoate 

3. The halogen derivatives of the hydrocarbons of the fatty 
series, or the sulphonic acids of the aromatic series, when dis- 
tilled with potassium cyanide, yield the cyanide of the hydro- 
carbon. In this case also, the union is through carbon. These 
cyanides, on boiling with potassium hydroxide, are converted 
into the acids, the CN-group passing into the COOH-group : 

CH3I 4- KCN = CH3-CN + KI. 
CH3-ON + 2HgO = CHg-CO.H + NHs. 

Acetic acia 
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CH.Br CH,"ON 

1 * +aKCN= I * +3KBr. 

CHssBr CHg-CN 

Ethylene bromide Ethylene cyanide 



'„ +4HoO=:i * ^ +2NH3. 



4. The action of the zinc compounds of the hydrocarbons 
on the alkylogens is analogous to that of the sodium com- 
pounds : 

Phosgen Zinc methyl Acetone 

or 2 COOlg + Zn/§^» = ZnOl, + 2 COCrOH, 

Phosgen Ziac methyl Acetyl chloride 

/OZnOH. 
also a) CH,-C0C1 + Zn(CHs), = CHg-C^CHj 

/OZnCH, 

b) CH,-C^CH, +Zn(CH,), 

/OZnCH, 
= CH."Of-CH, + ZnCH.Cl 

\ch: 

/OZnCH, 

c) OH.-OeOH, + 2 H.O 

\CH, 

= CH8"C(0H)/^§» + Zn(OH), + CH^ 

Trimethylcarblnol 

6. In the presence of aluminic chloride, the aromatic hydro- 
carbons unite with the chlorides derived from the alcohols 
with CYolution of chlorhydric acid, forming new hydrocarbons : 
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C,H, + CHjOl = HCl + C.H.CH, 
C,H, + 2 OHjCl = 2 HCl + C,H^(CH,)g 
C,H, + 3 CHjCl = 3 HCl + C,H3(CH,), etc 

6. Aromatic compounds unite with aldehydes in the pres- 
ence of concentrated sulphuric acid, forming substances richer 
in carbon : 

2C,H, + CH,-CHO = HgO + CH "CHCCeHJ,, etc. 

Diphenj'lethaiie 

7. Salts of organic acids (the lime salts are best) when sub- 
mitted to dry distillation, either alone or with the salts of other 
organic acids, afford ketones richer in carbon : 

2 0H3C08Na=:^]^3\>co + Na^COg. 

Sodium acetate Acetone 

CH,-CO,Na + CjH.-COgNa = g^ \cO +.NagCOj. 

Sodium acetate Sodium propionate Methyl^ttiyl ketone 

As a peculiar kind of synthesis, condensation may be men- 
tioned. Condensation is the union of two or more molecules 
of one or more substances by means of their carbon atoms, 
accompanied by the elimination of water. Aldehydes and 
ketones, in particular, exhibit this reaction. 

Aldehyde, CgH^O, when treated with weak dehydrating 
agents {e.g,y chlorhydric acid), is converted into 

Orotonic aldehyde, C^HqO : 

2 CgH^O = C^HeO = CH3-CH=CH-CH0 + HgO. 

Benzaldehyde, CgHg'CHO, and aldehyde, in a similar man- 
ner pass into cinnamic aldehyde, CgHgO : 

The formation of collidine, OgHjiN, from ethylidene 
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chloride and ammonia, also belongs here, although the nascent 
chlorhydric acid eliminates ammonia : 

4 OHj'CHClg + 4NH3 = 4 CHrCH=NH + 8 HCl, 



Hypothetical body 

3 ^^-^ -^^-^ — '^ftf^ll 



4 C!H,"CH=]SrH = CgHj, jN + 3 NH3. 

Collidine 



Acetone yields with chlorhydric acid ttie condensation-pro- 
ducts, mesityl oxide, CgHj^^O, and phorone, C^Hi^O : 

Acetone Mesityl oxide 

CsH.O + C-H, oO = C.H,,0 + H,0. 

Acetone Mesityl oxide Pnorone 

Phorone does not yield, further condensation products by 
an elimination of water ; the hydrocarbon, mesitylene, C^Hjg, 
is formed (p. 266). 

The formation of rosolic acid by the oxidation of a mixture 
of phenol and salicyl aldehyde, rosanilines by the oxidation of 
a mixture of aniline and toluidine, and the phthaleines (p. 264) 
by the action of phthalic anhydride on phenols at an elevated 
temperature, or in presence of sulphuric acid, belong to this 
class. 

Polymerization^ although not properly a form of synthesis, 
should be mentioned under the head of condensation. It con- 
sists usually in three molecules of a simply constituted body 
uniting to one molecule. When the carbon atom of a com- 
pound is united by more than one bond to a polyvalent atom, 
this binding can be dissolved to a simple one, and the molecules 
thus having free attractive energies, unite among themselves 
to one molecule. 

Aldehydes, cyanic acid, CONH, and its derivatives, and 
cyan chloride yield, in particular, polymerization-products. 

Methaldehyde, CHgO, (p. 29) passes into methyl metalde- 
hyde (CjHjgOe?)? the constitution of which is probably : 
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H gives HjjC-O'CHg'O'CHj 

H"6=0 6 6 

Hcthyl aldehyde 



Methyl metfSdehyde 



Ethyl aldehyde yields the trimolecular paraldehyde, and 
probably also the hexamolecular metaldehyde. The constitu- 
tion of metaldehyde is the same as that of methyl metaldehyde, 
except that in one an H of a CHg is replaced by a CH3. The 
constitution of paraldehyde is : 

CH3-CHO giyes HgC-CH-O'CH-OHs 

Aldehyde ■ i 

0-CH"0 
OH3 

Paraldehyde 

Cyanic acid passes into the trimolecular cyanuric acid : 
CONH gives HN=C-O"0=NH 

Cyanic acid I i 

O'C-O 

II 

NH 

Cyanuric acid 

liquid cyan chloride yields solid cyan chloride.: 
C=NC1 gives CrC=N-C-Cl 

Cyan chloride i H 

(liquid) N'=C"N" 

61 

Solid cyan chloride 

Two molecules, probably, of cyanamide polymerize to di- 
cyanamide : 

N-EO-NHg gives HN=c/^2)>^"^^"^- 

Cyanamide Dicyanamide 

The polymerization of three molecules, forms melamine. 
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Cyanamide 



NH,-C=N-C-NH 



■t 



II 



< 



N=C"N 
NHg 

Melamine 



The constitution of the isomeric cyanuric acid may be analogous to 
that of melamine : 

HO-C=N-C-OH 
I II 

]S[=C-N 

OH 

It has not been ascertained whether the cyanuric acid known has this 
formula, or whether its nitrogen binds single molecules together. If we 
accept this formula, we can deduce a nimiber of compounds which stand 
between cyanuric acid and melamine, and which can be supposed to 
be derived from each other by substitutions of the OH by NHa, viz., 
cyanuric acid, CsHsNsOa, melanuric acid, C3H4N4O2, ammeline, GsHsNbO, 
and melamine, CsHeNe. 



HO-C=N 
N C-OH 

Ho-a-N 

Cyanaric acid 

HO-C=N 

N C-NH, 

Ammeline 



HO-C=N 

NC-NHa 
II II 
HO-C-N 

Melanuric acid 

HaN-C=N 

-^ 6-NH, 
II II 
H,N-C-N 

Melamine 



Action of Beagents on Organic Componnds* 

As the ordinary reagents usually act on organic com- 
pounds in a characteristic manner^ it is possible to establish 
certain rules for their action. 

1) Chlorine, Bromine and Iodine, act substitutingly : 



CH, + CI2 
OjHg + Brg 



CH3CI + HCl 
CeHgBr + HBr. 
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It is necessary, however, in the case of iodine, to destroy at 
once the iodohydric acid which is formed, else it will cause 
an inverse substitution, and thus prevent the substitution by 
the iodine. It is therefore necessary in cases where iodine is 
to be introduced directly, to add nitric acid, or iodic acid, if 
the former disturbs the reaction, in order to at once decom- 
pose the iodohydric acid, which is formed, into iodine : 

HIO3 + 5 HI = 3 Ig + 3 HgO. 

In unsaturated compounds, i.e., in those which contain at 
least two carbon atoms united by a double binding, the halo- 
gens dissolve the double binding before substitution takes 
place. They add on to the molecule : 

CgH^ + Clg = G^n^O\^,i. e.: 
CH2=CH2 + Cljj = CHgCrCHgCl 
CeHe +SG\,= CgHeCle (p. 203). 

In the presence of water, the halogens exert an oxidizing 
action (chlorine, naturally, being the strongest), as they de- 
compose the water, setting free the oxygen, which acts on the 
organic compound : 

H20 + Cl2=2HCl + 0. 

2) Chlor- and Bromhydric Adds replace alcoholic hydroxyls 
by chlorine or bromine : 

Cs,H,(OH) + HCl = CgHgCl + H„0 
CH3"0H(0H)-C00H + HBr = CHg-CHBr-COOH + HgO 

Lactic acid Brompropionic acid 

«'-c:i:>+2Hci=g|g^gj+H,o. 

Ether 

They often dissolve the double binding of unsaturated 
compounds : 

CH8=CH8 + HCl = CHa-OHgCl. 
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lodohydric Acid acts in the same manner, but at an elevated 
temperature it substitutes inversely, L e., replaces the substi- 
tuted haloid by hydrogen : 

CHJ'COOH + HI = CH3-COOH + Ig 

lodoacetic acid Acetic acid 

It acts particularly in this way on oxygen compounds con- 
taining hydroxyl, i.e., it reduces them. At a sufficiently high 
temperature, it produces the saturated hydrocarbon, or it 
breaks the molecule into molecules of methane : 

C3H8O3 = CH2(OH)-CH(OH)-CHs5(OH) + SHI 

Glycerol 

= CHs-CHrOHs + 3 HgO + 21, 
O4H, „0^ + 7 HI = O^H.I + 4 HgO + 31, 

Erytnrol Sec. butyl iodide 

O5H, gO + 10 HI = 6 CH^ + H3O 4- 5 Ig. 

Amy] alcotiol 

As the free iodine in this reaction always acts as a weak oxidizer, it 
must be at once removed. This is effected by the addition of phosphorus, 
which unites with the iodine to phosphorus iodide, which is at once de- 
composed by the water into iodohydric acid (acting again) and phosphorous 
acid. 

3) Sulphuric Acid replaces the hydroxyl of the fatty alco- 
hols by HSO4 ; and the hydrogen of the aromatic hydrocarbons 
by HSO3 : 

C2H6(OH) + HHSO^ = OgHg'HSO^ + H^O. 

Alcohol Ethyls ulpharic acid 

C,H,H + H(SOs)OH = C,Hg-SO,H + H^O. 

Benzosnlpnonic acid 

Water is always formed during the reaction. It is produced, either 
from the hydroxyl of the organic compound and the substitutable hydro- 
gen of the acid, or from the hydrogen of the organic compound and the 
hydroxyl of the acid. 
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Sulphnric acid can also substitnte both hydroxyls of an 
alcohol^ or two H's of an aromatic compound : 

2 C,H,OH + H,SO, = (OgHJ.SO, + 2H,0 

Ethyl sulphate 

aC.H.H + SO,(OH), = C,H,-SOrO,H, + 2H,0. 

Solphobenzld 

4) Nitric Acid forms esters with the alcohols of the fatty 
series : 

CgHjOH + NOg(OH) = C-H.ON-Og + H^O 

Ethyl nitric ester 

0,H,(OH), +3NO,(OH) = C3Hg(ONO,)3 +3HgO. 

Glycerol Glycerol nitric ester 

With the aromatic compounds it forms substitution-products : 
C,H,H + NO,(OH) = CeH -NO, + H,0. 

Nitrobenzene 

It acts in the same manner as sulphuric acid, but the differ- 
ent behavior of the two series is here more apparent. With 
the alcohols of the fatty series, the SOg and NOg are linked 
to the hydrocarbon rest by means of oxygen, while with the 
hydrocarbons of the aromatic series, the binding takes place 
directly between the nitrogen, or sulphur, and the carbon. 

Nitric acid, HQ-NOg 
Sulphuric acid, HO'SOg-OH 
Nitric ethyl ester, CgHg'O-NOg 
Ethylsulphuric acid, CgHg-Q-SOg-OH 
Ethyl sulphate, CgHg-O-SOg-O'CgHg 
Nitrobenzene, CjHg'NOg 
Benzenesulphonic acid, CgHg'SOg'OH 
Sulphonezid, CgHg-SOg-CeHg. 

Compounds in which the nitrogen of the NO g -group is 
bound directly to the carbon are also known in the fatty 
series, and some of them have been described (p. 105). They 
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are usually fonned by the action of silyer nitrite on alkylogens. 
Sulphonic acids of the fatty series are also known, and are 
obtained by the action of sulphites on the corresponding haloid 
derivatives (p. 103). 

6) Potassium and Sodium Hydroxide decompose the esters 
when in alcoholic solution : 



CgHgO-OgHaO + KOH = CoHgOH + CgH^KOg, 

Acetic ester Alcohol Potassiom. acetate 

and change the alkylogens into hydroxyl derivatives : 

OgHgCl + KOH = CjHgOH + KCl. 

When fused in the solid state with organic bodies, they act as 
oxidiziug agents, substituting oxygen for hydrogen and setting 
the latter free : 

CjjHgOH + KOH.= CgHgOsjK + 2H2. 

Potassium and sodium hydroxides act at a high temperature as very 
strong bases, producing acids and uniting with them to salts. They con- 
vert the aldehydes of the aromatic series into the corresponding alcohols : 

2 CeH.-CsHaO + KOH = C.H.-CsH^KOa + CeHs'CaH^O. 
Cinnamic aldehyde Ciunamic acid Cinnamic alcohol 

They often effect the resolution of a complicated molecule into several 
molecules of simple acids : 

C«H, aO. + 6 NaOH = 3 CaNaaO* + 18 H. 

Sugar 

The acids derived from hydrocarbons of the CnHan series, are decom- 
posed by NaOH and KOH, the molecule breaking at the point where two 
carbon atoms are united by a double binding : 

CH3-CH=CH-C00K+ KHO+ HaO= CH3-COOK+CH3-COOK + H2. 
Potassium crotonate Potassium acetate 

6) Phosphorus Trichloride, PCI3, and Phosphorus Tribrom- 
ide, PBrg, as well as Phosphorus Oxychloride, POCI3, and 
Bromide, POBrg, substitute OH by CI or Br : 
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3 CgHgOH + POI3 = 3 CjHgCl 4- PH3O 
3C2H5(OH) + POBrg = 3 CgHgBr + PHjO^. 

7) Phosphorus Pentachloride, PCI 5, and Bromide, PBrg, 
substitute oxygen by 01 ^ or Brg, acting like free chlorine : 

C-H^O + POI5 = CoH.Clg + POClj, 

Aldehyde Etnylidene 

chloride 

Phosphorus Pentasulphide, P^Sg, replaces the oxygen of 
hydroxyl by sulphur : 

5 C2H5OH + P2S5 = 5 CgHgSH + P3O5 . 
6 CH3-COOH + PgSg = 5 CH3-COSH + PgOg. 



In conclusion we shall mention a phenomenon for which no 
satisfactory explanation has as yet been offered, viz., the 
conyersion of organic bodies into isomeric ones by atomic 
migration. The formation of urea from ammonium cyanate 
has been mentioned several times. In ammonium cyanate, 
the carbon is united to the di-valent oxygen forming the rest 
CO. The two bonds of the CO are satisfied by the two 
valences of the N, whose third bond is satisfied by NH^ : 

0=C=N"NH4. 

On boiling with water, the double binding of the N to the 

is dissolved to a simple one, and the unsaturated group, 

0-C"]Sr", is formed at the moment. In this group, the 
I 

has one free bond, and the nitrogen two. One valence of the 
C takes the N^ of the NH4, while two H's of the latter rest sat- 
isfy the two bonds of the N" which is united to the C, forming 

the compound, C-C<^-m^g;^> carbamide, or urea. 
When glycerol is treated with chlorhydric acid, two bodies 
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are formed, dichlorhydrins of glycerol, in which two OH's 
are replaced by Cl's : 

CH,OH-CHOH-CHjOH Glycerol 

CH;orCH(OH)-CH,Cl \ ^^'^^'^y^^- 

Both of them yield allyl alcohol with sodium : 

CHgCrCHCrCHgCOH) + Na^ = CH2=CH"0H80H 

-f- 2 NaCl. 

Hence a shifting, or migration, of the hydroxyl from the 
middle carbon atom to one of the end carbon atoms must 
haye taken place. 

3) Hydrazobenzene, CgHg'NH^NH'Cgllg, is easily trans- 
formed by acids into the isomeric benzidine : 



CeH^-NH 



2 



Here, again, a rearrangement of the atoms has taken place. 
The two benzene nuclei have each Tost an atom of hydrogen 
and united with each other, while the binding of the nitrogen 
atoms has been broken, and the NH has passed into NHg. 
4) By elimination of water the glycol, 

CH2(OH)"CH2(OH), 

CH \ 
should pass into ethlylene oxide, nji^ yO, but, on the con- 
trary, aldehyde, CHg'CHO, is formed. Hence an has 
become bound by both its valences to a carbon atom, while an 
H has shifted to another carbon atom. 

The secondary and tertiary anilines (methylaniline, dime- 
thylaniline) on heating to 300° are converted into primary 
bases, toluidine and xylidine : 

C^HgNH'CHg, is converted into C5H^(CH3)NH2 
0,H,N(CH3)8 " « - C,H3(CH3),NH,. 
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Hence the methyl-group and a hydrogen of the benzene 
change places. Mellitic acid C(C0gH)5 is converted into 
hydromellitic acid, CjHj(COgH)j, by the action of nascent 
hydrogen. This latter compound by heating with chlorhydric 
acid, passes into isohydromellitic acid. In this case, also, it 
is only possible to explain the reaction by supposing that the 
atoms, or atomic groups, wander from one carbon atom to 
another. 

There are a great number of bodies which are converted 
into isomeric compounds at an elevated temperature, but we 
have not space to mention them. 



J 



INDEX. 



Abstkthin, 888. 

Acetal, 87. 

Acctaldehydc, 84. 

Acetainide, 93. 

AcetHnilde, 318, 220. 

Acetic Acid, 32, 88, 101, 187, 190, 263. 

" Propyl Ester, 192. 

" Ether, 90. 

** Benzvl Ester, 237. 

*• Methyl Ester, 192. 

" Ethyl Ester, 90, 192. 

*' Anhydride, 93, 94. 
AcetiiiB, 118. 
Acetoacetic Ester, 92. 

" ** Decomposition of, 92. 

Acetone, 92, 109, 110, 111, 187, 240. 

*' Cy>nden8ation of, 266. 
Acetonic acid, 132. 
Acetonitrile, 60, 94, 194. 
Acetophcnono, 233, 241. 
Acetusulphonic Acid, 95. 
Acetylacctoacetic Ester, 92. 

'* Bromide, 93. 

•• Chloride, 98. 

" Cyanide, 93. 

" Iodide, 93. 

•' Superoxide, 94. 

»* Urea, 51. 
Acetylene, 76, 178. 

" Compounds of, 78. 

Aci Chlorides, 32, 33, 98, 189, 289. 
Acid- Albumin, 844. ' 
Acids, 23, 24. 

•* Amic, 48. 

" Basicity of , 239. 

»* Dibasic, 191, 339. 

** Diba.sic, with Alcoholic Hydrozyl, 
191. 

" Distillation of, with Lime, 864. 

"■ Monobasic, Dry Distillation of Salts 
of, 175. 

" Monobasic, Electrolysis of, 176. 

" Formation of, 188. 

'* Oi-ganic. General Remarlcs on, 31. 

** Laws of Substitution in Relation to, 
32 

" Monobasic, 31, 187, 289. 

" Oil, 190. 

" Properties of, 188. 

" Sulphonic, 195. 

** Sulphonic, Difference between, and 
Sulphurous Esters, 199. 

** Sulphonic, Formation of, 195. 
Reduction of, 207. 



i( 



*( 



Acids, Tribasic, 191. 

"• Unsaturated, 190. 
Aconitine, 327. 
Acridinc, 288. 
Acrol, 151. 
Acrole, 123. 

Acrolein- Ammonia, 31, 54. 
Acrolelne, 123, 269. 
Acroleine Hydrochloride. 128. 
Acrylic Acid, 114, 123, 190, 269. 
Adipic Acid, 191. 
^sculetin, 274, 330. 
^sculin, 330. 
Alanine, 116, 125. 
Alantnric Acid, 169, 170. 
Albumin, 343. 

Acid, 344. 

" Alkali, 344. 

" Blood, 348. 

" Coagulation of, 344. 

" Egg, 343, 348. 

** Reactions of, 343. 

" Serum, .343. 

Vegetable, 843, 348. 
Albuminoids, 842, 348. 
Albuminous Substances, 842. 
Alcarsine, 71. 
Alcohols, 24. 32, 80, 91, 182. 

*' Classification of, 185. 

" Formation, 181. 

" General Properties of, 24. 

** Metallic Derivatives of, 25, 27. 

" Normal, 129. 

*' Oxidation of, 364. 

" Primary, 129, 185. 

" Production of, 184. 

" Secondary, 112, 129. 185 
Tertiary, 129, 185. 
Aldehyde-resin, 84. 
Aldehydes, 23, 24, 84, 112, 185. 

** Characteristics of, 84. 

" Characteristic Reactions of, 186. 

" Compounds with Acid Sulphites, 
84. 

" Compounds with Ammonia and 
Sulphurous Acid, 82. 

" Condensation of, 186. 

" Elimination of Water from, 
272. 

" Formation, 181, 186. 

Formation from Acids, 191. 
Polymerization of, 186. 
Syntheses of, 270. 
Aldehydines, 223. 



« 



383 



384 



DfTBEX. 



Aldol.ffi. 
Alizarin, 896. 8QS> 
'' -Blue, 308. 
Alkali-Albumin, 844. 
AlkaloIdH, 817. 
Alkyl-Halo^eiifi, 16. 
Alkyloy^cnis, 24. 

Order of Actiyity of, S. 
AllantoYne, 165, 169. 
Allantoxanic Acid, 165. 
Al anturic Acid, 169, 170. 
Allophunic Acid, 51. 
Alloxan, 165, 166, 167. 
Alloxan ic Acid, 165, 166, 167. 
Alloxantinamide, 168. 
Alloxantine, 167. 
Allylacetic Acid, 144. 
* Allyl Compounds. 122. 

*' Alcohol, 184, 869. 

" (Jyanlde, 124. 

" Ether, 122. 

" Iodide, 120, 122. 

" Isocyanide, 124. 

" Mu8tard-0ll, 124. 

" Sulphide, 811, 125. 

*' Hulphidu, Metallic Compounds of, 
125. 

*' Sulphocynnate, 134. 

" -Siilpho-Urea. 124. 

•* Phenyl Alcohol, 269. 

** Pyrocatechol Monomethylether, 311. 

" Thiocarbylamine, 124. 

»• Tribromjde, 122, 814. 

" Trichloride, 122. 

" Tricyanide, 122. 
Allylene, 108, 178. 

*' Di bromide, 108. 
Tribromide, 108. 
Almond-CtiseHn. 348. 

♦* -Oil, 152. 
Aloes, 312. 
Aioin 887. 
Alorcinic Acid, 837. 
Alphatoliiic Acid, 247, 262, 268, 290. 
Aluminium Chloride, Action on Patty Chlo- 
rides, etc., 283. 
" " Syntheses by Means 

of, 287, 871. 
Amarine, 28S. 
Amber, laS. 
Amber-Oil, 808. 
Amic Acids, 42, 48. 
Amides, 41, 48, 91, 98. 289. 
Amidin, 159. 
Amidineo, 323. 
Amido- Acetic Acid, 97, 98. 

'♦ -Acids, 42. 

" -Azobenzene, 226, 227. 

" -Benzene, 215, 223. 

" -Benzoic Acids, 244. 

" -Benzoic Amide, 245. 

" -Benzoic Ethyl Ester, 245. 

" -Dracylic Acid, 245, 254. 

*' -Bthylsuluhuric Acid, 83. 

*• -Group, 42. 

** -Naphthalene, 296, 299. 

" -Niirophenol, 287. 

" -Oxindole, 282. 



*( 
(( 

It 

<( 

(t 



(t 



Amido-Phenol, 827. 

" -Phcnylacetic Anhydride, 88SL 
" -Propionic Acid, 125. 
" -Salicylic Acid, 858. 
** -SubHti t ntions of Oxalic Acid, 100. 
" -Succinic Acid, 136. 
** -Toluenes, 257. 
Amidogen, 42. 
Amine Bases, 41, 192. 
Amines, 41,44. 

*' Behavior of the Salts of. 46. 
Derivation from Acids, 194. 
Determination of Degree of, 

193. 
Primary, 44. 

Prim »ry. Formation of, 47. 
Secondary, 44. 

" Formation of, 47. 

TertLiry, 44. 

Formation of, 47. 
Ammeline, 66. 
Ammonia, Conrpcnnd^ with Aldehyde and 

Sulphurous Acid, 82. 
Ammonium Basts, 193. 

Decomposition on Dis- 
tillation, 193. 
Formation of Sabsti> 
tuted, 47. 
Cyanate, 63. 
Dierivatives, 41. 
Formate, 34. 
Hydrogen Oxalate, 99. 
Hydrogen Tartrate, 187. 
Mncatc, 316. 
SulphoQyanate, 64. 
Amygdallc Acid, 330. 
Amygdalin, 3:29. 
Amy! Alcohol, normal, 141, 188. 
ordinary, 142, 188. 
-Amine, 193. 
■Benzene, 291. 
Bromide, normal, 141. 
Chloride, normal, 141. 
Chloride, ordinary, 148. 
Dimethyl benzene, 281. 
Glycerol, 184. 
Glycol, 184, 
Iodide, noimal, 141. 
Iodide, ordinaiy, 148. 
Methyl benzene, 891. 
Series, 141. 
Xylene, 291. 
Amylene, 177. 

Hydrate, 148. 
Amyloid, 162, 349. 
Anethol, 311. 
Angelic Acid, 144, 190. 
Angelica- Root, 144. 
Anhydrides, 32, 93, 188, 839. 
Anilidus, 222. 
Aniline, 215, 233, 280, 381. 
" Acetate, 220. 
" Action of Alkylogens on, 216. 
" Action of Reagents on, 816. 
" Alkyl Derivatives, 216. 
" Ammonium Compounds of, 816. 
" -Black, 260. 
" -Blue, 259, 860. 
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Aniline Colors, 257. 

" Derivativea of, 216. 
" Double Salts, 216. 
" Hydrochloride, 216. 
" Nitrate, 216. 
" Oxalate, 216. 
** Oxidation of, 213. 
»* -Sulphonic Acid, 222. 
" Teat for, 215. 
" -Violets, 260. 
" -Yellow, 226. 
Anilines, Action of Alcohols on, 316. 
" Secondary, 217. 
" Sabstitiitcd, Atomic Migration in, 

217. 
«» Tertiary, 217. 
Animal CaeeKc, 343. 
*» Life, 80, 350. 
Anise-Aldehyde, 311. 
Anise-Oil, 254, 309, 311. 
Anisic Acid, 251, 254, 311. 
Anisoll, 210. 237. 
Anisyl Alcohol, 251, 254. 

" Aldehyde, 254, 257. ^ 
Anthracene, 301, 303. 

" Carboxylic Acid, 802. 

** Bichloride, 80«. 

Anthraflavic Acid, 304. 
Anthranilic Acid, 244, 280. 
Anthraparpurin, 804. 
AnthraquinoDC, 802. 

Disiilphonic Acid, 802. 
Anthrachrysonc, 304. 
Antimony Derivatives of Methane, 71. 

*' Potassium Basic Tartrate, 137. 
Antimonyl, 137. 

" Potassium Tartrate, 137. 

Apomorphine, 820. 
Arabic Acid, 161. 
Arabinose, 168. 
Arachidic Acid. 188. 
Arbutin, 331. 
Archil, 249. 
Argol, 136, 137. 
Arfoine^ 824. 
Aromatic Compounds, 195. 

" *' Difference from Patty, 

197. 
Arrow-root Starch, 160. 
Arsenic Derivatives of Methane, 70. 

Dimethyl, 71. 
Asafcetida, 312. 
Asparaglne, 135. 
Asparaginic Acid, 842. 
Aspartic Acid, 136. 
Asphalt, 313. 

Atomic Miorration, 49, 52, 380. 
Atropic Acid, 268. 
Atropine, 326. 

" . Sulphate, 326. 
Azo-Compounds, 223. 
** -Benzene, 22.'), 224. 
" -Benzoic Acids, 244. 
" -Conhydrine, 318. 
** -Naphthalenes, 296. 
" -Prefix, 223. 
" -Benzene. 223. 224. 
Azoxybenzoic Acids, 224. 

25 



Balsam of Pern, 272, 812. 

" " Tolu, 272, 812. 
Balsams, 311. 
Barbituric Acid, 168. 
Bases, Amine. 192. 

'* Cinchona, 323. 

»• Opium, 820. 

" Organic, 317. 

" Pyridine, 313. 
Basic Hydrogen, 31. 

** Lead Acetate, 90. 
Beeswax, 160. 
Behenic Acid, 188. 
Benzal Chloride, 238, 237. 
Benzaldebyde, 233, 935, 237, 268, 811. 
Benzamide, 242. 
Benzene, 196, 202, 240, 264. 287, 291. 

" Carboxyl Derivatives of, 290. 

*' Derivatives, IsomerLsm between, 

902. 

" " Redaction of , 275. 

" Dicarboxylic Acids of, 290. 

*' Direct Replacement of Hydrogen 
in, 198. 

** Disubstitutions of, 200. 

** -Disnlphonic Acid, 207. 

" Hexacarboxylic Acids of, 290. 

" Hexa-chloride, 208, 277. 

** Hydroxyl Derivatives of, 21J. 

** Mjonocarboxyl Derivatives of, 290. 

" Monoderivatives of, 197. 

** Monohydroxyl Derivatives of, 
298. 

«* Nucleus, 280. 

" Pen tacarboxyllc Acids of, 290. 

" -Sulphamide, 207. 

" -Sulphochloiide, 207. 

" -Sulphonic Acid, 206. 

'* Symmetrical Substitutions of, 200. 

** Tetracarboxylic Acids of, 290. 

" Tetra-substitutions of, 202. 

*♦ Tricarboxylic Adds, 290. 

" Trihydroxyl Derivatives of, 289. 

'* Tri-snbstitutions of, 201. 

" -Trisulphonlc Acid, 207. 
Benzhvdrol, 241. 
Benzidene, 224, 287. 
Benzil, 238. 
Benzilic Acid, 238. 
Benzine, 180. 203. 

Benzoic Acid, 238, 285, 289, 243. 262- 268, 
290. 

** Anhydride, 242. 

" Benzyl Ester, 237. 

" Bthyl Ester, 243. 

" Methyl Ester, 248. 

" Phenyl Ester, 248. 
Benzoin, 238. 
Benzoin Resin, 812. 
Benzonitrile, 227. 
" Phenone, 233, 240, 241. 
" Propionic Acid, 268. 
" Trichloride, 240, 242. 
Benzoyl-Piperidine, 828. 

'• -Acetic Anhydride, 242. 

** Bromide, 242. 

«* Chloride, 241. 

" Cyanide, 247. 
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Benzoyl-Glycocon, 947. 
" -Glvcolllc Acid, S48. 
Iodide, 242. 
Benzsalphaldehyde, 237. 
Benzyl Acetic Ester, 237. 

'' Alcohol, 283, 235, 236, 246. 
" Alcohol, Berivalivoa of, 246. 
" -Aldehyde, 236. 
" -Amine, 257. 
" -Amine Hydrochloride, 247. 
" Benzoic Ester, 287. 
»* Chloride, 232, 236. 
»* Cinnamic Ester, 237, 272. 
" Cyanide, 247. 
" Dichloride, 232. 
" Disnlphide, 247. 
" Ether, 286. 
" -Phenyl Ketone, 238. 
" -Phosphine, 247. 
" -Pinacoline, 238. 
" Sulphhydrate, 247. 
" Sulphide, 239, 247. 
Berberine, 827. 
Bergamot-Oil, 306. 
Betalne, 105. 
Betaorclnol, 250, 334. 
Betnliu, 388. 
Bile, 339. 

Biliary Substances, 839. 
Bilifuscin, 341. 
Bilibamin, 341. 
Biliprasin, 341. 
Bilirubin, 341. 
Biliverdin. 841. 
Binoxalate of Potash, 99. 
Birch-Bark, 888. 
Bismath Valerianate, 143. 
Bitter Almond-Oil, 237, 309, 311. 
Bitter Principles, 337. 
Biuret, 50, 61. 
Bleaching, 333. 
Blood-Albumin, 848. 
" -Fibrin, 348. 
" Test for, 346. 
Borneo-Camphor, 306. 
Bomeol, 306. 
Bomeol Chloride, 306. 
BrasileTn, 335. 
Brasilin, 335. 
Brazil-Wood, 835. 
Bromal, 88. 

Hydrate, 88. 
Bromaniliues, 222. 
Brom-Benzoic Acids, 244. 
'* -Cyan, 50. 
" -Hydric Acid, action of on organic 

cotepoundg, 376. 
" Hydrin, 120. 
" -Malic Acid, 278. 
" -Methyl, 16. 
" -Naphthalene, 295. 
" -Nitromethane, 66. 
" -Malophthalic Acid, 278. 
" -StyroTene, 271. 
Bromine, action of on organic compounds, 
375. 
" Compound with Ether, 84. 
" Estimation, 357. 



Bromides of the Hydrocarbons, general re- 
actions of, 20. 
Bromoform, 18, 19. 
Brucine, 325, 326. 
Butane, 126, 174. 

" Compounds, 126. 
Butter, 150, 151. 

Butyl Alcohol, 127, 128, 130, 182. 
>' ISO, 128. 

" " Mustard-Oil of the Second- 

ary, 311. 
" Secondary, 128, 129, 130, 
182. 

" " Tertiary, 129. 

** -Aldehyde, normal, 819. 

" -Amine, 140, 193. 

" -Benzene, 230, 275, 291. 

" -Carbinol, 141. 

" " Secondary, 142. 

" Chloride, Iso-, 127. 

" " Normal, 126. 

" " Pseud o, 126. 

" " Secondary, 126. 

" " Tertiary, 127. 

" Cyanide, 194. 

*• Ethyl Ether, 184. 

" Glycols, 132, 184. 

" -Glycollic Acids, 182. 

" -Glycerol, 188. 

*• Iodide, Iso-, 127. 

" " Normal, 127. 

" " Secondary, 127, 128. 

" " Tertiary, 127. 

" Isocyanide, 194. 

'* -Lactic Acids, 190. 

" -Methyl Carbmol, 183. 

" -Methylketone, 113. 
Butylene, 177, 178. 
Bntyraldehyde, 186. 

Iso, 131. 
Normal, 131. 
Butyric Acid, 92, 131, 134, 187, 190. 

•^ -Methyl Ester, 192. 
Butyrin, 131. 
Butyronitrile, 194. 



Cacodyl, 71. 
Cacodylic Acid, 71. 
Oxide, 71. 
Caflfelc Acid, 273. 
Caffeine, 171. 
Caffetaunic Acid, 273. 
Cajeput-Oil, 308. 
Calcmm Buiyrate, 132. 

" Camphorate, 367. 

" Citrate, 147. 

" Isobutyrate, 132. 

" Oxalate, 99. 

" Tartrate, 137. 
Camomile-Oil, 309. 

" '* Roman, 144. 

Camphene, 309. 

^' Inactive, 310. 

Campholic Acid, 306, 807. 
Camphor, 3()6. 

'^ Group. 305. 

" -Oil, 808. 
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Camphoric Acid, 906, 307. . 
Camphore, Constitution of, 807 
Canales, Stearine, 149. 
Cane-Sagar, 157. 
Canthandin, 338. 
CaontchoQC, 313. 
Capric Acid, 149, 188. 
Caproic Acid, Nonnal, 187, 190. 

Aldehyde, 186. 
Capronic Acid, 145. 
Capryl Alcohol, 148. 
Caprylic Acid, 148, 18a 
Caraway Oil, 809, 310. 

" " Roman, 310. 
Caramel, 154, 158. 
Carbamic Acid, 48. 
Carbamide, 49. 
Carbaminic Acid, 48. 
Carbanilamidc, 219, 220. 
Carbanile, 220, 221. 
Carbanilic Acid, 220. 
Carbanilide, 219, 220. 
Carbazol. 288. 
Carbhydrates, 145, 153. 
Carbimide, 62. 
Carbinois, 22, 23, 130. 

" General Properties of, 24 
Carbolic Acid, 207. 
Carbon Bisulphide, 36. 

" E-timation. 2, 351. 

" Oxypulpbide, 87. 

" Sulphochloride, 38. 

" Tetrachloride, 20. 
Carbonic Acid, 35. 

" Hj-pothetlcal, 48. 
" Substitution- products of, 
85. 
Carboxyl, 31. 

" Introduction by means of Chlor- 
carbonic Methyl Ester, 85, 
88. 
Carboxylic Acids, 31. 

" " Syntheses of, 36, 870. 

Cardamom-Oil, 808. • 
Carminic Acid, 336. 
Carmine-Red, 386. 
Camine, 170. 
Carotin, 338. 
Carrots, 888. 
Carthamin, 335. 
Carvol, 310. 
Cascarillin, 339. 
Casein, 343, 845. 

" Almond-, 348. 

" Animal-, 343. 

" Fibrin-, 345. 

" Legumm-, 348. 

" Milk-, 348. 
Castor-Oil, 152. 
Catechin, 255. 
Catechol, 212, 289. 

" Monomethyl Ether of, 212. 
Cellulose, 161. 
Cerotic Acid, 150, 188. 
Ccrotic Ceryl Ester, 150. 
Cerotyl Alcohol, 184. 
Ceryl Alcohol, 150. 
" Cerotic Ester, 150. 
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Cetrarin, 338. 
Cetyl Alcohol, 150, 184. 
Cheese, Putrid, 148. 
Chelidoiiine, 329. 
Chinese Wax. 150. 
Chinovic Acid, 825. 
Chinovin, 325. 
Chlor-Acetanillde, 222. 

" -Anilamlde, 213. 

" -Anile, 218. 

" -Anilic Acid. 218. 

" -Anilines, 222. 

" -Benzoic Acid, 243. 

" -Brombenzene, 206. 

" -Bromhydrine, 120. 

" -Carbonic Methyl Ester, 85. 

*' -Carbonous Oxide, 35. 

" -Carbonyl, 85. 

" -Cyan, 59. 

" -Dracylic Acid, 248. 

" -Ethidene, 77. 

" -Ethylidene, 77. 

" -Hydric Acid, Action of , on Organic 
Compounds, 876. 

" -Methyl, 16. 

" -Oxalethyline, 101. 

** -Oxynaphthalinic Acid, 298. 

" -Picrine, 66. 

" -SaUcylic Acid, 248. 

" -Toluenes, 234, 236. 

" -Toluenes, • Action of Chlorine on, 
284. 
Chloral, 86* 

" Alcoholate, 87. 
*• -Cyanhydrate, 88. 
" Hydrate, 87. 
Chloroform, 18, 95. 
Chlorophyll, 837. 
Chlorides of the Hydrocarbons, General 

Reactions of, 20. 
Chlorine, Action of,on Organic Compounds, 
375. 
" Bleach, 333. 

'* Derivatives of Oxamide, 101. 
" Estimation, 2, 357. 
Cholesterin, 841. 
Cholic Acid, 840. 
Choline, 104. • 
Chondrin, 349. 
Chondroglucose, 849. 
Chromogenes, 833. 
Chrysene, 300. 
Chrysammic Acid, 837. 
Chrysaniline, 260. 
Clurysazin, 804. 
Chrysene, 304. 
Chrysin, 888. 
Chrysoldine, 226. 

Chrysophan, 804. • 

Chrysophanic Acid, 304. 
Chrysoquinol, 805. 
Chrysoquinone, 305. 
Cinchona Bases, 323. 

(t Red 325. 
Cinchonidine/323,'824. 
Cinchonine, 323, 324. 

" Sulphate, 824. 

Cinchonlnic Acid, 324. 
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Cinnametn, 878, 81S. 

Cinnamene, 271. 

Cinnamic Add. 968, 209, 270, 291, 812. 

Aldehvde. 2ee, 811. 

Anhydride, 271. 

Benzyl Bster, 287, 272, 812. 

Chloride, 269. 

Cinnamyl Eater, 272. 

Cinnyl Ester, *269, 312. 
Cinnamine, 269. 
Cinnamon-Oil, 270, 809, 811. 
Ciuuamyl Amide, 271. 

Chloride, 271. 
" Cinnamic Ester, 273. 
Cinnyl Alcohol. 269. 

'' Cinnamic Ester, 269. 
" Ether, 269. 
Citraconic Acid, 146. 
Citric Acid, 145, 191. 
Clove-Oiljaro, 810. 
Cocaine, 828. 
Goccin, 338. 
Cochineal, 886. 
Cocoa-nnt Oil, 158. 
Codamine, 820. 
Codeine, 320, 821. 
Colchicine, 829. 
CoUidine, 814, 815. 
Collodion, 162. 
Colophony 812. 
Colorin^Matters, 882. 
Colors, Diazo-, 226. 
Colubin, 839. • 
Combustion. 361. 
Comenic Acid, 822. 

Composition of Organic Snbstances, Deter- 
mination of. 351. 
Compound Ethers, 32. 
Condensation, 372. 
Conhydrine, 819. 
Coniferin, 255, 380. 
Coniferyl Alcohol, 811. 
Conine, 318. 
Constitution, 6. 

'* Analytical Method for Deter- 

mination or, 363. 
" Synthetic Method for Deter- 

mination of, 366. 
Convolvnlin, 332. 
Convolvulinol, 832. 
Conylene, 318. 
Copaiba Balsam, 312. 
Copaibic Acid, 312. 
Corydaline, 329. 
Cotamine, 322. 
Cream of Tartar, 187. 
Creaisote, Beech-Wood, 250. 

Coal-Tar, 250. 
Creatine, 171, 173. 
Creatinine, 172. 

" Compoimdwith Zinc Chloride, 
ire 
Cresols, 235, 250. ' 
Crocin, 856. 

Crotonic Add, 124, 139 190. 
" Aldehyde, 86, 139, 270. 
" . Nitrile, 124. 
Croton-Oil, 144, 169. 



Crotonylene. 178. 
Cryptidine, 815. 
Cryptopine, 320. 
CrysUllin, 344. 
Cubeb-Oil, 808. 
Camaric Acid. 272. 

" Anhydride, 272. 
Camarin, 272. 

" Homolognes of, 278. 
Cnmene, 266, 267, 291. 
Cumic Acid, 275. 

'" Aldehyde, 275, 810. 
" Phenol, 806. 
Cumol, 276. 
Cupric Acetate, 90. 

** Ferrocyanide, 58. 
Cararine, 828. 
Curcnmin, 336. 
Cnried Mint-Oil, 809. 
Cnsconine, 824. 
Cyan, 65. 

-Acetic Acid, 117. 
-Ammelide, 66. 
-Benzene, 227. 
-Butyric Acid. 144. 
-Group, 68. 

*' Isomerism of, 60. 
-HydricAcid, 68, 101. 

" Additton-Prodoctwlth 
Glyoxal, 138. 
-Hydroxy!. 62. 
-Methyl, 60. 

-Napththalenes, 298, 299. 
-Uramide, 66. 
-Uric Acid, 50, 162. 
Cyanates, 195. 
Cyanelid, 62. 
Cyanic Acid, 62. 

** ** Compounds of, 62. 
Cyanides, 22, 194. 

♦♦ Formation of, 194. 

** Reactions with Acids and Alkalis, 

62. 
" Syntheses of, 870. 
Cyanogen, 65, 100, 101. 
Chloride, 59. 
Cymene, 269, 274, 291, 806, 810. 
Cymogen, 180. 
Cymyl Alcohol, 275. 



Daphnetin, 274, 331. 
Daphnin. 831. 
Deeatyl Alcohol, 188. 
Desoxybenzoln. 238. 
Deuteropine, 820. 
Dextrine, 159, 161. 
Dextrose, 164. 
Dextrotartaric Add, 188. 
Di-Acetamide, 94. 
-Acetin, 118. 
'Aceteylenephenyl, 285. 
-Allylurea, 124. 
-Amido-Benzenes, 206, 222. 
'* -Benzoic Add, 246. 
" -Napththalenes, 299. 
•' -Phenol, 227. 
-Amylamine, 198. 
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Dl-Basic Acids, 289. 
** -Benzyl-Amine, 947. 
" " -Phosphine, 247. 
" •Brom-Allvlamine, S14. 
«• " -Anisoll, 210. 

** -Anthracene Tetrabromide, 802. 

" -Barbituric Acid, 168. 

" -Benzene. 205. 
" " -Metliane, 17. 
" " -Napthalene. 295. 
" *• -Ortnonitrocinnamic Acid, 283. 
'* •* -Oxyyiperidine. 328. 

" 5-Propionic Acid, 124. 

" -Succinic A.cid, 134. 
" -Bntvraldine. 319; 
*'-CarDoxylic Acid, of the Butane Series, 

132 
«• Chlor-Acetic Acid, 95. 
« '* " Ethyl Ester, 95. 
«• '• -Acetone, 111, 146. 
•• " -Acetonic Acid, 146. 
" " -Aldehyde. 87. 
•« " -Benzene, 204. 
•• *• -Benzyl Chloride, 232, 234. 
" " »• Dichloride, 232. 
•• " -Chrysoqninone. 306. 
«« " -Dracylic Acid, 283, 334. 
" ** -Ethene Chloride, 78. 
" •« -Ether, 84. 127. 
" " -Ethidene Chloride, 78. 
•* " -Ethylene, 79. 
« " -Ethylene Chloride, 78. 
«• " -Ethylidene Chloride, 78. 
" ♦* -Hydrln. 119. 
•« " -Methane, 17. 
•• *• -Napthalene. 295. 
«« " -Naphthoquinone, 298. 
" " -Phenol, 209. 
" '♦ -Phenylchloroform, 232. 
♦• " -Propylene, 108. 
•» " -Quinone, 213. 
14 a -Toluene, 232. 233. 
** Cyan-Acetonic Acid, 146. 
•• " -Diamide,66. 
" " -Diamidine,66. 
•* *( -Naphthalenes, 299. 
" " -Ethylacetic Acid, 92. 
** -Ethyl Aceto-acetic Ester, 92,93. 
" " -Amine, 192. 
«« " -AnUine, 216. 
*♦ ** -Benzene, 230, 268, 274, 291. 
" »* -Carbinol, 142, 182. 
" " -Urea, 51, 219. 
" Ethylene-Diamine, 104, 193. 
** *• -Diphenylenediamine, 217. 

" " -Glycol, 96. 

" " -Glycerol, 118. 

" '* -Ketone, 112, 187. 

" •» -Oxamlde, 101. 

** »* -Phosphine, 105. 

" *• -Phosphinic Acid, 105. 

" " -Propyl Carbinol, 183. 

" " -Methyicarbinol, 145, 183. 

" " -Snlphone, 102. 

" " -Toluidine. 282. 

** -Ethvlidenedipheuylenediamine, 218. 
" -Gallic Acid, 256. 
** -GlycoUic Acid, 98. 
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Di-HydrozyCinnamic Acid, 273. 
Ethylidene, 87. 
Ethylidene Acetic Ester, 87. 
■Naphthalene, 297. 
lodomethane, 17. 
Isatogen. 285, 286. 
Isopropyl Carbinol, 183. 
Methyl, 75. 

-Amine, 46, 192. 
-Amylbenzene, 291. 
-Aniline, 216, 217. 
-Anthracene, Tetrahydrozylated 

Quinone of, 336. 
-Arsinic Acid, 71 . 
-Benzene, 230, 238, 261, 279, 287. 

291. 
-Carbinol, 130. 
-Ethylbenzene, 280, 274, 291. 
-Ethvl Carbinol, 142, 182. 
-Hydrazine, 46. 
-Isopropyl Carbinol, 145, 183. 
-Ketone, 110. 
-Malonic Acid, 191. 
-Napthalene, 299. 
-Phosphine, 68. 
-Phosphinic Acid, 68. 
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Propyl Carbinol, 145, 188. 
Pyridine, 314. 
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Urea, 51 

-Xanthine, 171, 173. 
" -Nitro-Amidophenol, 209, 227. 
-Anisoll, 210. 
-Benzene, 206. 
-Benzoic Acid, 244. 246. 
-Benzophenone, 241. 
-Cyanmethane, 67. 
-Diphenyl, 224. 
-Naphthalene, 296. 
-Naphthol, 298. 
-Phenol, 209, 227. 
-Oxindole, 281, 283. 
Oxy-Anthraquinone, 302. 

" -Cumarins, 274. 
Phenic Acid, 301. 
Phenol, 287. 
Phenyl^ 204, 287. 

-Amine, 222. 
-Benzene, 288. 
-Dicarboxylic Acid, 801. 
-Ethylene, 289. 
-Ethylidene, 287. 
-Guanidine, 221. 
-Methane, 288. 
-Thlurea, 219. 
-Tolylmethane, 258. 
-Urea, 219, 220. 
" -Propyl Carbuiol, 183. 
" -Styrolcne, 271. 
" -Sulphocarbonic Acid, 37, 88. 
" -Tartaric Acid, 136. 
Dialuramide, 168. 
Dialnric Acid, 167. 
Diastase, 165, 344. 
Diazo-Amido-Benzene, 224, 226. 
" -Benzoic Acid, 246. 
-Benzene-Anilide, 224. 
-Benzene Chloride, 226, 227, 
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-Benzene Nitrate, 225. 



390 



IlS^DBX. 



Biazo -Benzoic Acid Nitrate, 245. 

" -Benzoic Acid Sulphate, 245. 

'* -Benzoic Chloride, 245. 

" -Colors, 226. 

** -Compounds, 2*24. 

" -Cnmene Chloride, 226. 

" -Diamido-Azobenzene, 226. 

" -SulphaniUc Acid, 226. 
Digitalin, m. 
Digitalretin, 3S2. 
Dintaric Acid, 168. 
Disacryl, 128. 
Distilled Veidigris, 00. 
Drying-Oils, 151. 
Dulcite, 148. 
Dulcol, 184. 
Dutch Liquid, 77. 
Dyeing. 333. 
Dynamite, 119. 
Dyslysin, 340. 



XSach-Albumin, 343, 348. 
Elastin, 350. 
Elaldic Acid, 149. 
Elecampane-Camphor, 906. 
Emetine, 329. 
Emulsin, 150, 330. 
Eosin. 265. 
Epichlorhrdrin, 120. 
Ergot of Kye, 159. 
Emcic Acid. 190. 
Erythric Acid, 334. 
Erythrin, 139. 
Erythrite, 138. 
Erythrol, 127, 188, 184, 384. 
Erythrol Nitric Ester, 189. 
Eserine, 328. 
Essential Oils, 808. 
Esters, 22, 25, 26, 27, 98, 191. 

" Action of Alkalis on, 192. 

" Action of Ammonia on, 192. 

" Formation, 181, 192. 

" Isomers of, 192. 

*' of Organic Acids, characteristics 
and formation of, 90. 
Esters, Sodium Compounds of, 91. 
Ethaldehyde, 186. 
Ethoxy-Glycollic Acid, 97. 

" -Indoxyl, 285. 

" -Indoxylic Acid. 284. 

'• -Indoxylic Ethyl Ester, 284. 

** -Nitroso-indoxylic Acid, 284. 
Ethane, 75, 174. 

** Derivation from Methane, 74. 
Halogen Derivatives of, 77. 
Hydroxy 1 Subetitutions of, 80. 
Nitrogen Substitutions of, 104. 
Sulpho-Snbstitutions of, 101. 
Ethene Chloride, 77. 
Ether, Acetic, 90. 

" Chlorine Derivatives of, 84. 

" Compound with Bromine, 84. 

" Sulphuric, 83. 
Ethers, 21, 88. 

" Compound, 25, 82, 191. 

" Formation of, 28. 

«* Production of, 186. 
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Bthidine Bromide, 79. 
Ethol, Pentamethyl, 188. 
Ethyl Acetate, 90. 

" -Acetic Ester, 90, 116, 192. 

" -Aceto-acetic Ester, 92. 

" Alcohol, 180, 182. 

" " Oxidation of, 28, 29. 

" -Amine, 104, 106, 192. 

** -Amidobenzoic Ester, 245. 

" -Aniline, 216. 

" -Benzene, 280, 261, 291. 

*' -Benzene, Acids derived from, 961. 

" -Benzene, Phenols of, 261. 

" -Benzoic Acid, 268. 

" -Benzoic Ester, 243. 

" -Bromide, 77. 

" -Butyl Ether, 184. 

" -Carbinol, 130. 

" Chloride, 77. 

" -Crotonic Acid, 190. 
Cyanic Ether, 106. 



" Cyanide, 105, 194. 
♦* Cyanuric Ether, 106. 



*i Dichloracetic Ester, 95. 

" -Dimethylbenzene, 274, 291. 

" -Dimethyl Carbinol, 142, 188. 

** -Diphenyldiamine, 218. 

*' Disulphide, 108, 211. 

»* Ether, 184. 

" Formic Ester, 48, 192. 

" -Glycol, 184. 

" -Glycollic Ester, 97. 

" -Hippuric Acid, 248. 

'* Iodide, 77. 

" Isocyanide, 106, 194. 

" Isocyanic Ether, 106. 

" -Lactic Acid, 116. 

" -Malonic Acid, 144, 191. 

" -Malonic Ester, 117. 

" Mercaptan, 101, 106, 211. 

" -Methylacetic Acid, 143. 

" " Acetamine, 192. 

»• " -Benzenes, 266, 291. 

" ** -Carbinol, 127, 180. 

** " Ether, 84, 184. 

" " -Ketone, 112, 128, 181, 187. 

** -Monochlorether, 127. 

" Mustard-oil, 106. 

" Nitrate, 83. 

" Nitric Ester, 88. 

" Nitrite, 88. 

" Nitrous Ester, 83. 

" -Oxalic Acid, 100. 

" Oxide, 88. 

♦» -Phenyl Ether, 210. 

" -Phosphine, 105. 

" -Pipendine,328. 

" Propionic Ester, 192. 

" -Propyl Carbinol, 188. 

" Sulphaldehyde, 103. 

" " Triple Polymerof, 108. 

" Sulphide, 102, 211. 

" Sulphocyanate, 106. 

" -Sulphonic Acid, 102, 108, 196. 

" -Urea, 51, 219. 

" -Vat.illin, 836. 

" -Violet, 259. 

" -Xylene, 291. 
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Ethylene, 75, 177. 

" Bromide, 78. 
Chloride, 77. 
Cyanide, 133, 
" Diamine, 104, 193. 
" -Diphenylenediaminc, 217. 
" -Glycol, 95, 96. 
" -Glycol Hydrochloride, 114. 
" Iodide, 76, 79. 
Oxide, 76, 96. 
-Phenyleneamidine, 223. 
-Phenyleneaminc, 217. 
Ethylidene Bromide, 79. 
Chloride, 77. 
-Dipheuyldiamine, 217. 
Glycol, 115. 
Eacalin, 159. 
Eugehol, 311. 
Euphorbium, 313. 
Eaphorbon, 313. 
Evei-nic Acid, 334; 
Eveminic Acid, 334. 



Fats, 118, 150, 156. 

*» Rancidity of, 151. 
Fast Dyes, 333. 
Fecula, 159. 

Fennel-Oil, 254, 309, 311. 
Fermentation, 155. 
Ferments, 155. 
Ferric Citrate, 147. 
Ferric Ferrocyanide, 58. 
Ferrocyan, 56. 
Ferrous Lactate, 116. 
Ferulic Acid, 311. 

Fibrine, 343, 345. s 

Blood, 343, 348. 

" Flesh-, 345. 

" Gluten-, 345. 

" Muscle-, 343. 

" Silk-, 350. 

" Vegetable-, 348. 
Fibrinogen, 345. 
Fire-Damp, 15. 
Flag-Oil, 309. 
Flavopurpurin, 804. 
Flesh-Fibrin, 345. 
Fluoranthrene, 306. 
Fluorene, 288. 
Fluorescein, 265. 
Formanilide, 218. 
Formamide, 48. 
Formic Acid, 30. 101, 187. 

" Salts of, 34. 

" Ethyl Ester, 48. 

" Isobutyl Ester, 192. 

" Methyl Ester, 191. 

" Propyl Ester, 192. 
Formula, Chemical, Derivation of by An- 
alysis, 3, 6. 
Frankincense, 313. 
Fiangnlic Acid, 304. 
Frangulinc, 304. 
Fruit-Sngar, 157. 
Fuchsine,258. 
Fugitive Dyes, 333. 
Fulminic Acid, 67. 
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Fulmlnaric Acid, 67. 
Fumaric Acid, 199. 
Furfurole, 317. 
Fusel Oil, 142, 156. 



Galactose, 158. 
GdUeTn, 265. 

Anhydride, 266. 
Gallic Acid, 214, 256. 
Gill-Stones, 341. 
Gariic-Oil, 125. 
Gentisin, 255. 
Gliadin, 845. 
Globulin, 343, 344. 
Glncosan, 154. 
Glucose. 154. 
Glucosides, 155, 163, 329. 
Glue, 349. 

" Precipitation by Tannic Acid, 849. 
Glutamic Acid, 342. 
Glutaric Acid, 144, 191. 
Gluten, 343, 345. 

Casein-, 345. 
" Fibrin-, 345. 
Glutin, 349. 
Glyceric Acid, 120. 
Glycerides, 149, 150. 
Glycerine, 118. 
Glycerol, 118, 184. 

*' Nitric Ester, 119. 
" Oxalic Ester, 118. 

Propionic Ester, 119. 
Sulphuric Ester, 119. 
Glycerylphosphoric Acid, 347. 
Glycine, 98. 
Glycocholic Acid, 339. 
Glycocyamidine, 173. 
Glycocyamine, 172. 
Glycocyamine-Hydrochloride, 178. 
GlycocoU, 97, 98, 164, 244, 248. 

'• Copper Compound of, 98. 
Glycogen, 160. 
Glycollic Acid, 97, 173, 190, 263. 

Chloride, 97. 
Glycolide, 98, 121. 
Glycol Amide, 97, 98. 
" -Chlorhydrin, 96, 114. 
" Di-acetyl Ester, 96. 
" Di-cthyl Ether, 95. 
" Mono-acetyl Ester, 96. 
" Monomethyl Ether, 95. 
" Nitric Ester, 96. 
Glycols, 95, 184. 

*' Formation, 181. 
" of the Butane Series, 132. 
Glycolylurea, 169, 170. 
Glycyrrhetin, 332. 
Glycyrrhizin, 332. 
Giyoxal, 98. 

" Addition -Prod net with Cyanhy- 
dric Acid, 138. 
Glyoxalic Acid, 98. 
Glyoxylic Acid, 169. 
Glyoxylurea, 169, 170. 
Grape-Sugar, 154. 
Grass-Bleach, 383. 
Grease-Spot, 150. 
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Green Hydroqninone, 214. 
Gnaiacol, 212, 250. 
Gnaiacam Resin, 312. 
Gaanidine, 52, 173. 
Guanine, 171. 
Gums, 161. 

Gum-Ammoniac, 312. 
" -Arabic, 161. 

-Benzoin, 240. 

•Elimi, 313. 

-Galbanum, 812. 
Gnn-Cotton, 162. 
Gutta Perclia, 313. 



SiSMATBIN, 335. 
Haematin, 346. 
Haematoxylin, 335. 
Hemoglobin. 343, 346, 848. 
Halogen Derivatives of Etliane, 77. 

^^ " *' the Hydrocarbons, 

180. 
Harroaline, 328. 
Harmine, 328. 
Helenine, 306. 
Helleborein, 332. 
Helleboresin, 332. 
Helleboretin, 332. 
Helleborin, 332. 
Hemi-Mellitic Acid, 268, 290. 

" Pinic Acid, 322. 
Hemp-Oil, 152. 
Heptane, 175. 

Heptyl Alcohol, normal, 148, 183. 
Heptylic Acid, 190. 
Hesperidin, 331. 
Hesperitin^ 331. 
Hesperitinic Acid, 331. 
Hexa-Chlorethane, 78. 
•' -Brombenzene, 206. 
" -Hydrophthalic Acid, 278, 279. 
" -Hydropyridin, 328. 
" -Methyl-Benzene, 275, 287. 
" " Carbinol, 183. 

Hexane, 175. 

" Compounds, 145. 
Hexyl Alcohol, 145. 

" Normal, 183. 
" Butyric Ester, 145. 
" Iodide, Secondary, 147. 
Hexylene, 178. 
Hippuramide, 248. 
Hippuric Acid, 247, 248. 
Homologous Hydrocarbons, 176. 

'* Series, 13. 

Hysenic Acid, 188. 
Hydantolc Acid, 170. 
Hydantolne, 169, 170. 
Hydrazine Compounds, 46, 226. 
Hydrazo-Benzene, 223, 224, 287. 

'* Benzoic Acids, 244. 
Hydro-Alizarin, 303. 
" -Atropic Acid, 268. 
*' -Benzamide, 238. 
" -Benzoic Acid, 278. 
" -BenzoKn, 238. 
" -Berberine, 327. 
" -Caflfeic Acid, 273. 
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Hydro-Cinnamic Acid, 268, 271, 291. 
-Cobalticyanic Acid, 50. 
-Cumaric Acid, 273. 
-Cumario, 273. 
-Cyanic Acid, 53. 
-Ferricyanic Acid, 58. 
-Ferrocyanic Acid, 57. 
-Mellitic Acid: 279. 
-Phthalic Acid, 278. 
-Pyromellitic Acid, 278. 
-Quinone, 212. 

" Green, 214. 
-Sorbic Acid, 190. 
-Terephthalic Acid, 278. 
-XJmbellic Acid, 274. 
Hydrocarbons, 12, 20, 174. 

Action of Clilorine on, 176. 
Action of Sodium on the 
lodo-Compouuds of, 176. 
Aromatic, Direct Replace- 
ment of Hydrogen in, 198. 
Aromatic, Isomers of, 231. 
Fatty, Direct Replacement 

of Hydrogen in, 198. 
Formation from Acids, 33. 
Formation of, 175. 
General Reactions of the 

Chlorides, etc., 20. 
Halogen Derivatives of, 180. 
Homologous, 176. 
Hydroxyl-Substitutions of, 

22. 
Metallo-Compouuds of, 195. 
Metallo-Compounds of, For- 
mation of, 195. 
Normal, 176. 
Saturated, Formation from 

Unsaturated, 178. 
Syntheses of, 369. 
Union of Unsaturated with 

Halogens, 178. 
Unsaturated, 177. 
Unsaturated, Formation of, 

177. 
Unsaturated, Polymeriza- 
tion of, 178. 
Unsaturated, Union with 
Halogen-Hydric Acids, 
178. 
" Unsaturated, Union with 

Sulphuric Acid, 178. 
Hydrogen Ammonium Tartrate, 137. 
Basic, 31. 
Estimation, 2, 351. 
Potassium Tartrate, 137. 
Hydroxybenzoic Acids, 236, 253. 
-Butyric Acid, 132. 
-Cinnamic Acid, 272. 
-Ethylsulphuric Acid, 82. 
-Benzene, 207. 

-Phenylamido-propionic Acid,342. 
-Salicylic Acid, 255, 256. 
Hydroxyl, 20. 

" Derivatives of the Fatty Series, 

182 
" Substitutions of Ethane, 80. 

" Hydrocarbons, 
22. 
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Hydnrilic Acid, 168. 
Hyocholic Acid, 32, 340. 

'• Glycocholic Acid, 840. 

" Taarocliolic Acid, 840. 
Hyoscyamine, 326. 
Hypogseic Acid, 190. 
Hypoxanthine, 170. 



Iceland Moss, 338. 
Icterus, 341. 
Imidcs, 42. 
Imido-Group, 43. 
Imidonrea, 52. 
Indican, 279, 282. 
Indigo, 279. 

" -Blue, 280, 282, 285, 286. 
'* -Group, 279. 
" -White, 279, 280, 281, 286. 
Indigotindisulpiionic Acid, 280. 
Indole, 282, 283. 
Indoxyl, 285, 286. 

" Sulpliuric Acid, 283. 
Indoxolic Acid, 284. 
Indoxylic Ethyl Ester, 283. 
Inosite, 163. 

Inverse Substitution, 376. 
Inverted Sugar, 158. 
Inulin, 160. 

Iodides of the Hydrocarbons, General Re- 
actions of, 20. 
Iodine, Action of, on Organic Compounds, 
375. 
" Estiniation, 2, 367. 
" Green, 259. 
lodo-Anilines, 222. 
-Cyan, 50. 
-Form, 19. 

-Hydric Acid, Action of, 182. 
-Hydric Acid, Action of, on Organic 

Compounds, 877. 
-Methyl, 17. 
Isanthraflavic Acid, 304. 
Isatid, 281. 
Isatin, 281, 282. 
Isatinic Acid, 281. 283. 
Isatogenic Ethyl Ester, 283. 
Isethionic Acid, 82. 
Isobutane, 126. 
Isobutyl Alcohol, 128, 182. 
-Amine, 140. 
-Benzene, 275, 291. 
Carbinol, 142. 
Chloride, 127. 
-Dimethyl Carbinol, 183. 
Formic Ester, 193. 
Iodide, 127. 
Aldehyde, 128, 131. 186. 
Iso-Butyric Acid. 128, 131, 132, 187. 
*♦ -Caproic Acid, 187. 
" -Crotonic Acid, 139, 190. 
-Cyanbenzene, 227, 228. 
-Cyanides, 194. 

Formation df, 194. 
Disulphocarbonic Acid, 37. 
HydrobenzoYn, 238. 
" -Malic Acid, 136. 
•* -Phthalic Acid, 264, 290. 
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Iso-Picric Acid, 210. 
" Propyl Alcohol, 109, 120, 130, 182. 
" -Amine, 125, 192. 

-Benzene, 230, 267, 291. 
Bromide, 108. 
Carbinol, 128. 
Chloride, 108. 
Compounds, 107. 
-Dimethyl Carbinol, 145, 188. 
-Glycol, 114, 184. 
GlycoUlc Acid, 114. 
Iodide, 107, 108, 120. 
-Methyl Carbinol, 142, 182. 
■Mettijl-Eetone, 142, 187. 
Purpuric Acid, 210. 
Succinic Acid, 133, 134, 191. 
Isomerism, 9. 

" between Disubetitutions of 

Benzene, 200. 
Itaconic Acid, 146. 



Jalap, 312. 
Jalapin, 832. 
Jalapinol, 332. 
Jervme, 327. 



Keratrine, 849. 
Kerosene, 179. 

Ketones, 112, 113, 187, 289, 823. 
" Aromatic. 241. 

Condensation of, 187. 

Formation of, 187. 

Formation of, from Acids, 191. 

Mixed, 112. 

Oxidation of, 187, 864. 

Syntheses of, 872. 
Koumis, 159. 
Kyanmethyl, 60. 
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liACTAMic Acid, 116. 
Lactamidu, 116. 
Lactic Acid, 114. 190. 
Lactic Ferments, 156. 
Lactide, 115. 
Lactose, 157. 
Lanthopine, 320. 
Lard, 150. 
Laudanine, 820. 
Laudanosine, 320. 
Laurie Acid, 149, 188. 
Lead, Sugar of, 89. 

'* Acetate, Basic, 90. 

" Formate, 84. 

" Tetramethyl, 72. 
Lecithin, 119, 346. 

*' Constitution of. 348. 
Leek-Oil, 309. 
Legumin, 343. 
Legumin-Caseln, 848. 
Lemon-Oil, 308, 310. 
Lepidine, 315. 
Leucaniline, 258. 
Leucic Acid, 145, 190. 
Leucin, 145, 342. 
Leucurosolic Acid, 260, 261. 
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Levotartaric Acid, 138. 
I>evnloHaD. 157. 
Levulose, 157. 
Llchen-componndB, 888. 
Lichen-Red, 383. 
Lichen) n, 160. 
Life. Animal, 850. 

•• Vegetable, 860. 
Li^olne, 180. 
Linoleic Acid. 150k 
Linseed-Oil. 152. 
I itn]U8, 249. 
Log- Wood, 335. 
Lophine.238. 
Lutidine, 314. 
Lycine, 828. 



lIKAGNssnJx Citrate, 147. 
Lactate, 116. 
" Methyl, 72. 
Maize-Starch, 160. 
MaleTc Acid. 140. 
Malic Acid, 133. 134, 191. 
Malonylurea, 168. 
Malonic Acid, 114, 116, 117, 191. 
Maltose, 160. 
Mandelic Acid, 262, 290. 
Manna, 147. 
Manna- Ash. 147. 
Manna, Syrian, 150. 
Mannite, 147. 
Mannitic Acid, 147. 
Mannol, 184. 
Marg^arijc Acid. 188. 
Marjoram-Oil, 309. 
Marsh-Gafi, 15. 
Mastic, 312. 
Mauvelne, 260. 
Meconic Acid, 322. 
Meconine, 320, 322. 
Melamine, 66. 
Melilotic Acid, 273. 
Melissic Acid, 188. 
Melitose, 159. 
Melizitose. 149. 
Mellitlc Acid, 275, 279, 290. 
Mellophanic Acid, 276, 290. 
Menthol, 808. 
Mercaptans, 36. 

" Derivation of Name, 80. 

Mercuric Fulminate. 67. 

" Cyanide, 55. 
Ethyl, 105, 195. 

" Methyl. 72. 195. 

" Methyl Iodide, 72. 

" Oxalate, 99. 

" Phenvl,.228. 
Mesaconic Acid, 146. 
Mesitylene, 111. 266, 279, 291. 
Mesitylenic Acid, 267. 
Mesityl Oxide, 111. 
Mesoxalic Acid, 121, 165. 
Mesoxylurea, 167. 
Metacresol, 235. 
MetM-di-amido-benzene, 226. 
Metahydroxybenzoic Acid, 258. 
Metaldehyde, 84. 



Metallo-Compounds of Hydrocarbonf>, 150. 
" • " *' For- 

mation of, 195. 
Metals, Compounds of, -with Methane, 72. 
Meta-nitrobenzoic Acid, 244. 
Metastryolcne. 271. 
Meta-suostitutions of Benzene, 201. 
Metasulphobenzoic Acid, 253. 
Metataric Acid. 136. 
Metatolnic Acid. 262. 
Methacrylic Acid. 139. 
Methaldehyde, 186. 
Methane, 15. 48. 174. 203. 340. 

*• Antimony Derivatives of, 71. 

** Arsenic Derivatives of, 70. 

" Compound Ethers of, 72. 

" Esters of, 72. 

*• Nitrile of, 53. 

'* Nitrogen Substitution-products of, 

40. 
" Phosphorus Derivatives of, 67. 
*' Sulphosubslitution-prodncts of ,.36. 
Methenyldiphenyldlamine, 218. 
Methyl Acetic Ester, 192. 
" -Acrylic Acid, 190. 
" Alcohol, 23, 182, 199. 
" Aldehyde, 29, 34. 
-Amine. 192, 199. 
-Amylbenzene, 291. 
-Amylketone, 92. 
-Aniline, 216. 217. 
-Arsinlc Acid, 71. 

-Benzene, 204, 230. 231, 279, 287. 291. 
" -Benzoic Ester, 243. 
-Boric Ester, 73. 
-Bromide, 16. 
-Butyl Carbinol, 183. 
-Butylkerone. 113. 
-Butyric Ester, 192. 
-Carbinol, 130. 
-Carbyl amine, 60. 
•Chloride, 16. 
-Chloroform. 78. 
Compounds of the Metals, 72. 
-Crotonic Acid, 144. 
Cyanate, 60, 195, 220. 
Cyanic Ether. 63. 
Cyanide. 60. 94. 101, 194. 
Cyanuric Ether, 63. 
-Di-ethyl Carbinol, 145, 183. 
Ether, 28, 184. 
-Ethylacetic Acid, 143. 
-Ethylamine, 192. 
-Ethylbenzenes, 230, 266, 267, 291. 

" Acidi* derived by 

Oxidation of, 2fff. 
-Ethyl Carbinol, 127, 180. 
-Ethyl Ether, 84, 184. 
-Ethyl Ketone, 112, 128, 131, 187. 
Formic Ester, 191. 
-Glycocoll, 172. 
-Guanldine. 172. 
Hydride, 15. 
Iodide. 17. 
Isocyanate. 196. 
Isocyanic Ether, 63. 
Isocyaniile, 60, 194. 
Isopropyl Carbinol, 142, 182. 
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Methyl Isopropylketone, 142, 187. 

*' Malonic Acid. 134. 

" Mercaptan. 36. 199. 

" Mercary Iodide. 72, 

" MuHtard-Oil, 64, 195, 220. 

'* -Naphthalene, 299. 

*' -Nltrolic Acid, 66. 

•* -Nitroso- Amine. 46. 

'* Nitrous Ester, ld9. 

•• Oxide, 28. 

Oxalic "K-ter. 100. 

" -Phenyl t arbmol, 241. 

•* Phenyl Ether, 210."^ 

•' -Phenyl Ketone. 233. 241. 

** -Phosphinic Acid, 68. 
. •* -Phosphine, 68- 

*' -Phosphoninm Iodide, 61. 66. 

" -Pipendine, 328. 

" Propionic Ester, 198. 

«• -Propylbenzene, 230, 274, 291. 

" -Propyl Carbinol, 19, 142, 182. 

** -Propyl Ketone, 92. 

" -Pyridine, 314. 

•• -Oxalic Acid, 100. 

*• Salicylic Ester, 252. 

" Silicic Ester, 73. 

" -Sulphaldehyde, 86, 106. 

•♦ Sulphate, Primary, 28. 

•* " Neutral, 28. 

" -Snlphhydrate, 86. 

" Sulphide, 36. 

" Sulphocyanate, 195. 

" Sulphocyanic Ether, 64. 

" -Su! phonic Acid, 195, 199. 

" Sulphuric Acid, 28, 39. 72. 

♦* Sulphuric Ester, 28, 73. 

<* Sulphurous Ester. 199. 

•• -Theobromine, 171. 

" -Thiocarbamine, 64. 

" -Uramine, 172. 

•* -Urea, 51. 

" -Violet, 259. 

•* Zinc-Iodide, 72. 
Hethylal, 29. 80. 
Methylated Spirit, 28. 
Methylene Chloride, 17. 
•* Bromide, 17. 

*' Dimethoxide, 29. 

** Iodide 17. 

" Sulpijdnic Acid. 89,195. 

Migration, Atomic, 380. 
Milk-Caselu, 348. 
Milk-Sugar, 158. 
Mono-Acetin, 118. 
*' -Basic Acids, 31, 289. 
** -Brom Acetic Acid, 96. 
" " -Anisoll, 210. 
" »* -Benzene, 205. 
•• " -Camphor, 306. 
" '* -Methane, 16, 77. 
" " -Succinic Acid, 1.S4. 
" " -Chloracetone, 111. 
" •* -Acetic Acid, 95, 97. 
*♦ ** -Acetyl Chloride, 97. 
»' " -Aldehyde, 87. 
♦♦ *» -Benzene, 204. 
" " -Benzoic Acid, 243. 
" " -Benzyl Chloride, 232, 233. 



Mono-Brom-Benzyl Dichloride, 282. 
♦' -Ethane, 77. 

" " -Ether, 84. 

" " -Ethylene. 79. 

" -Ethylene Chloride, 78. 

•* *• -Ethylidene Chloride, 78. 

" '* -Hydfrin, 119. 

" " -Methane, 16. 

" " -Naphthalene, 294, 295. 

" *' -Naphthalene Tetrttchloride,295 

" " -Nitrophenol, 210. 
*• -Phenol, 209. 

*' " -Phenylchloroform, 282. 
" -Quinone,213. 
" -Toluene, 232, 233, 248. 

" " -Glycerol, 118. 

" Hydric Alcohols, 182. 

" -lodobenzene, 206. 

" " -Ethane, 77. 

" " -Methane, 17. 

" -Propionic Acid, 124. 

" -Methyl-Arsenic Dichloride, 70. 

" -Nitro-Anisoll, 210. 

♦' -Nitrophenol, 209, 227. 

*' -Nitrotoluenes, 234. 

" -Phenylurea, 220. 

" -Resorcinol-PhthaleTn, 265. 

" -Sulphocarbonic Acid, 37. 

'* -Sulphocarbonic Ester, 38. 
Morphine, 320. 

'* Acetate, 321. 
" Hydrochloride, 321. 
" Sulphate, 821. 

Mordanting, 302. 
Mncedin, 345. 
Mucic Acid, 148, 158, 816. 
Mucilage, 162. 
Mucin, 8nO. 
Mucous Ferment, 156. 
Mucus. Vegetable, 162. 
Murexlde, 16S. 
Muscle-Protoplasm, 845. 
Mustard-Oil, .%9. 

'• " par excellence, 124. 
Mycose, 159. 
Myosin, 843, 345. 
Myricyl Alcohol, 150, 184. 
Myristic Acid, 149, 168. 
Myron ic Acid, 331. 
Myrosin, 831. 
Myrrh, 813. 



Naphthalene, 292, 294. 

" Ac Ion of Chlorine on, 294. 

** Action of Nitric Acid on, 295, 

296. 
" -Dicarboxylic Acids, 299. 
" Dichloride, 294. 

" Di-Substitutions of, 293. 

*' -Disulphonic Acid, 297. 

" Double Compounds with Hyr 

pochlorouH Acid, 299. 
'* Mono-Substitutions of, 298. 

" Nomenclature of the Substi- 
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tutions of, 294. 
Oxidation of, 263. 
licduction of, 299, 800. 
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Kaphthalene Salphonlc Acid, 996, tOT. 
'* Tetrachloride. 294. 

" -Tetnu^Dlphonic Acid, 297. 
'* Tri-sabeititationfl of, 293. 

" Yellow, 897, 29a. 

Kaphtbalidine, 299. 
Naphthazarin, 296. 
Naphthene Alcohol. 299. 
Napththoic Acid, 299. 
Napbthol-Dii>alphoiiic Acid, 22S. 
Napbthols. 297. 

»* Derivatives, 297. 
Naphtholsalphonic Acid, 296. 
Naphthoquinone, 296. 
Narcelne, 320. 
Narcotine. 320, 822. 
Neurine, 105, 828. 847. 
Nicotinic Acid, 820. 
Nicotine, 819. 
Niter, Spirita of, 88. 
Nitraniline, 206, 222. 

Nitric Acid, Action of, on Oiganic Com- 
poQiids, 878. 
" Ethyl Ester, 83. 
" Glvcol Ester, 96. 
Nit rile of Methaue, 53. 
Nitriles, 43. 
Nitrin, 119. 

Nitro-Amidobenzene. 206. 
" rBarbituric Acid, 168. 
-Benzaldehyde, 237. 
-Benzene, 206, 228. 
-Benzene, Rednction of, 215. 
-Benzoic Acids, 244. 
-Cellulose , 162. 
-Chloroform, 66. 
-Coccnsic Acid, 336. 
-Compounds, 44, 195. 
Distinction from Nitrons Esters, 199, 

866. 
Formation of, 195. 
-Cyanmethaue, 67. 
-Dracyl ic Acid, 235, 245. 
-Dulcite, 148. 
-Ethane, 105. 
-Form, 66. 
-Glycerine, 119. 
-Oroup, Action of Beducing Agents 

on, 206. 
Group, Replacement Through Diazo 

Compound. 225. 
-Mannite, 147. • 
-Methane, 66, 199. 
-Naphthalene, 295. 
-Prussides, 58. 
-Styrolenes, 271. 
•Tartaric Acid, 136. 
Nitrogen, Estimation, 2. 

" Substitution Products of He- 
thane, 40. 
" Substitutions of Ethane, 104. 
Nitroso-Barbituric Ad 1, 168. 
" -Compound^*, 200. 
" -Oxindole, 282. 
Nitrous Esters, Difference Between, and 
Nitro-Compounds, 199. 
Ethyl Ester, 83. 
Ethyl Ether, 83, 
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Nitroos-Hethyl Ester, 199. 
Nonane, 175. 
Nonyl Alcohol, 188. 
Nonylic Acid, 190. 
Normal Alcohols, 129. 

Amyl Alcohol, 141, 182. 
Bromide, 141. 
Chloride, 141. 
Iodidd,141. 

Butyl Alcohol, 127. 

Butyl Chloride. 126. 

Butyl Iodide. 127. 

Bntyraldehyde. 131. 

Heptyl Alcohol, 148. 

Hydrocarbons, 176. 

Valeraldehyde, 142 

Valerianic Acid, 148. 
Nutmeg-Oil, 809. 



tt 

tt 
it 
tt 
*f 
ft 
(t 
tt 
tt 
tt 
tt 
<t 



Octane, 175. 

Octyl Alcohol, Nonnal, 188. 

" " Secondary, 148. 

Octylic Acid, 190. 
(Enanthaldehyde, 148, 186. 
CEnanthanylic Alcohol, 148. 
(Enanthole, M8. 
(Enanthylic Acid, 148, 188. 
Oil-Acids, 190. 
Oils, 150. 

'' Essential. 808. 
Oil of Amber, 306. 

*' Anise, 209, 311. 

'' Bergamot, 308. 

" Bitter Almonds, 309, 811. 

" Cajeput, 808. 

" Camomile, 809. 

" Caraway, 809, 310. 

'' " Roman, 310. 

'* Cardamom, 308. 

" Cinnamon, 309, 311. 

" Cloves, 309, 310. 

** Cubebs, 808. 

" Curled Mint, 809. 

" Flag, 309. 

'' Fennel, 809, 811. 
l/eeKs, 809. 

*' Lemons, 308, 310. 

" Marjoram, 309. 

" Mint, .'XW. 

'' Mustard, 309. 

" Nutmeg, 809. 

" Oranire-Peel, 806. 

" Parsley, 309, 311. 

*' Peppermint, 309. 

" Rose, 309. 

" Rosemary, 308. 

" Rue, 309. 

" Sage, 309. 

" Savin, 308. 

" Spoon wort, 809, 311. 

" Tansy, 309. 

" Thyme, 300, 811. 

" Turpentine, 808, 809. 

" Valerian. 809, 310. 

" Wormwood, 809, 811. 
Oleflant Gas, 75. 
Olefines, 178. 
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OleTn, 118, ISO, 151. 
Oleic Acid, 149, 190. 
Olive-Oil. 158. 
Opianic Acid, 323. 
Opium-Bases, 8S0. 
Orange-Peel Oil, 308. 
Orcein, 249, 833. 
Orcin, 249. 
Orcinol, 349, 333. 
Oreoselon, 339. 
Organic Bases, 817. 

^' Chemlstfy, Definition of, 1. 
Orsellic Acid, 333. 
Orsellinic Acid, 334. 
Ortho-Acetic Acid, 89. 

" -Carbonic Metliyl Ester, 34. 

" -Cresol, 235. 

" -Formic Acid, 81. 

" -Nitro Benzoic Acid, 285, 244. 

»» " -Cinnamic Acid, 282, 283. 

" " -Plienylacetic Acid, 282. 

" " -Phenylacetylene, 285. 

" " -Phenylpropiolic Acid, 283,286. 

" " -Piienylpropiolic Etliyl Ester, 
283. 

" -Sabstitations of Benzene, 201. 

" -Toluic Acid, 262. 
Ostnithin, 339. 

Oxalic Acid, 96, 101, 158, 162, 191, 218. 
'" "■ Amido-Sttbstitations of, 100. 
" " Esters of, 99. 
Oxalic Ethyl Ester, 100. 

" Methyl Ester, 100. 
Oxalantine, 169. 
Oxalarea, 167. 
Oxalnric Acid, 165, 166, 169. 
Oxalylurea, 169, 170. 
Oxamic Acid, 100. 
Oxaraide, 100. 

*' Chlorine Derivatives of, 101. 
Oxidation, 364. 
Oxides, Organic, 26. 
Oxindole, 282. 
Oxybenzoic Acid, 245, 258. 
Oxybutyric Acid, 132. 
Oxygen, Estimation, 2. 
Oxyneurine, 105, 347. 



Palhitio Acid, 149, 188. 
Palmltin, 150, 151. 
Palm-Oil, 152. 
Pancrcatin, 844. 
Papaverine, 820. 
Paper, Parchment-, 162. 
Parabanic Add, 165, 166^ 169, 17a 
Paracouic Acid, 146. 

" -Conine. 319. 

" -Cresol, 235. 

" -Cyan, 66. 

" -Cyanogen, 66. 

" -Ethylmethylbenzene, 288. 

*' -Globulin, 345. 

" -Hydroxy-benzaldehyde, 254. 

" " -Benzoic Acid, 254. 

" -Salicylic Acid, 255, 256. 

" -Lactic Acid. 116, 190. 

•• -Albumin, 844. 
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Para- Aldehyde, 84. 
**■ -Leucanlllne, 288. 
" -Methylethylbenzene, 268. 
" -Nitrobenzolc Acid, 244. 
" -RosanlUne, 288. 
" -Substitutions of Benzene, 201. 
" -Toluic Acid, 262. 
" -Oxybenzaldehyde, 254. 
" -Oxybenzolc Acid, 251, 254. 
" -Xylic Acid, 267. 
Paraftlnes, 176, 179. 
Param, 66. 
Paramylin, 160. 
Parchment-paper, 162. 
Parsley-Oil, 309, 811. 
Parvoline, 314. 
Pectlne Substances. 163. 
Pelargonlc Acid, 149, 188. 
Pentabrombenzene, 206. 
" -Chloracetone, 111. 
♦* '* -Benzene, 205. 
" " -Benzyl Chloride. 232. 
• -Benzyl Dichloride, 282. 

•Ethane, 78. 
" -Toluene, 282. 
" -Methylrosanillne, 260. 
Ethol,183. 
-RosanlUne, 260. 
Pentane, 174. 

** Compounds, 141. 
Pentylene, 177, 178. 
Peppermint-camphor, 808. 
Peppermint-Oil, 309. 
Peptones, 343. 
Perchlor-Acetone, 111. 
" -Benzene, 205. 

•Chrysoquinone, 305. 
-Ethane, 78. 
•Ether, 84. 
" -Naphthalene, 295, 298. 
" -Phenol, 209. 
Peru, Balsam of, 272. 
Petroleum, 179. 
Peucedanln, 339. 
Phenanthraqulnone, 801. 
Phenanthrene, 300, 301. 
Phenetoll, 210. 
Phenol, 207, 225, 287,289. 

Dihydroxyl Derivatives, 289. 
-Disulphoiiic Acid, 211. 
-Metliyl Ether, 210. 
-Phthalein, 264, 287. 
-Phthalidin, 265. 
" -Phthalin. 264. 
«• -Sulphonic Adds, 211. 
" -Trisulphonic Acid, 211. 
Phenols, Add Properties of, 289. 

" Actioa of Reagents upon, 208. 
Pheno«e, 277. 
Phenyl, 204. 

" -Acetic Acid, 247, 262, 290. 
" -Acetylene, 271. 
" -Acrylic Acid, 291. 
" -Alljjl Alcohol, 269. 
" -Amido-acetic Acid, 239. 
" -Amido-acetic Nitrile, 238. 
■Angelic Add, 270. 
-Benzoic Ester, 243. , 
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Phenyl-Benzyl Ketone, 288. 

•Chlorofonn, 282. 

Cyanate, 220, 221. 

Cyanic Bther, 221. 

DUulphide, 211. 

Ether, 21U. 

-Ethylene, 271. 

Ethyl Ether. 210. 

-Formic Acid, 288, 290. 

-Glycollic Acid, 288, 262, 268, 290 

-Glycollic Mtrile, 288. 

-Glyozylic Acid, 268. 

-Hypo-phoephorous Acid, 228. 

-Isocrotonic Acid, 270. 

Mercaptan, 211. 

Methyl Carblnol. 241. 

Methyl Ketone, 241. 

Mu8tard-0il, 220, 222. 

Oxychloride, 228. 

-Phosphine, 228. 

-PhoBphinic Acid, 228. 

-Propionic Acid, 271, 291. 

Sulphide, 211. 

Sulpbydrate, 207, 211. 

-Thlurea, 219. 

-Urea, 219. 
Phenylenaldehydine, 223. 

Diamine, 222. 
Phloretin, 881. 
Phloridzin, 831. 
Phlorogluchi, 214, 289, 831. 
Phloroglucinol, 214. 
Phorone, 111, 307. 
Phosgen, 35. 
Phosphenyl Chloride, 228. 

** Tetrachloride, 228. 

Phosphines, 67. 
Phosphinic Acids, 68, 69. 
Phosphorus. Dimethyl, 69. 

^* Derivatives of Methane, 67. 

Estimation of, 2, 857. 
Oxybromide, 
Oxychloride, 
-Pentachloride, 
Pcntabroniide, 
Pentasnlphide, 
Tribromfde, 
Trichloride, 
Phrenitic Acid, 276, 290. 
Phthalic Acid, 263, 263, 278, 290, 296. 

«' Anhydride, 263. 
Physostlgmine, 328. 
Picene, 2!), 301, 306. 
Picoline, 314. 
Picramic Acid, 209. 
Picramine, 210. 
Picric Acid, 209. 
PicroCrythrine, 334. 
PlcroCrythrlc Acid, 334. 
Plcro toxin, 837. 
Pimelic Acid, 191. 
PInacolines. 113. 
Pinacolyl Alcohol, 183. 
Pinacones, 113. 
Pinic Acid, 812. 
Pinite, 148. 
Piperidine, 326. 
Piperine, 827. 
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Action of on 
- Organic 
Compounds, 
379,380. 



4* 
tt 



<l 



II 



tl 

n 
«« 

II 
•« 



Piperinic Acid, 828. 
Plant, 848. 
Plant-Fiber, 161. 
Plasters, 151. 
Plumbic Acetate, 80. 

Butyrate, 132. 
** Isobntyrate. 182. 
Polychrolt. 335. 
Poly-glycolUc Acid. 98. 

** -Glycerols, 120. 
Polymerization. 29, 878. 
Poplar-Buds, 838. 
Poppy, 8d0. 
Poppy-Oil. 152. 
Potash, Bill oxalate of, 99. 

Red Prussiate of, 57, 5S. 
Yellow Pruesiate of. 56. 
Potassium Acetate. 89. 
" Ammelide, 66. 

•* Antimony Ba«ic Tartrate, 137. 

Antimonyl Tartrate, 137. 
Chromicyanide, 59. 
Cobalticyanide. 50. 
Cyanate, 63. 
Cyanide. 54, 65. 
Ferricyanide, 57. 
Ferrocyanide, 56, 58. 
Hydrogen Oxalate. 99. 
Bydrogen Tartrate, 137. 
Hydroxide. Action of, on Or- 
ganic Compounds, 379. 
Isocyanate, (3. 
Manganocyaiiide, 58. 
Nitroprnsside, 57. 
Picrate, 210. 
*• Psendo-urate. 166L 

•• Sodium Tartrate. 137. 

" Sulphocyanatc, 64. 

" Tartrate, 137. 

" Trisnlphocarbonate, 88. 

Potato-Starch, 160. 
Primary Alcohols, 1^. 
Propane, 107, 174. 269. 

" Compounds, 107. 
Propionaldehyde. 110, 186, 
Propionic Acid, 105. 113, 123, 187, 190. 
Propionic Anhydride, 113. 
Ethyl Ester. 192. 
*« Methyl Ester, 192. 
Propionltrile, 106. 194. 
Proplonyl Chloride, 118. 
Propyl Compounds, 107. 
" Acetic Ester, 192. 
** Alcohol, 106, 123, 130, 182. 
'» Amine, 125, 192. 

Benzenes, 230. 266. 267, 268. 291. 
Oxidation of. 267. 
•* Bromide, 108. 
" Carbinol, 127, 130. 
" Chloride, 108. 
" Cyanide, 194- 
'* -Dl-ethyl Carbinol, 183. 
'* -Di-mcthyl Carbinol, 145, 188. 
" -Ethyl Carbinol. 183. 
'* Formic Ester, 192. 
•• -Glycol, 114, 184. 
" Glycol, Normal, 114. 
'* -Glycollic Acid, 114. 
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Propyl Iodide, 106, 109. 
Isocvanide, 194. 
-Methylbenzene, 274, 291. 
•• Methyl Carbinol. 142, 182. 
•' -Sulphonic Acid. 195. 
Propylene, 107, 120, 177, 178. 
Chloride, 108. 
" Cyanide, 144. 

Protelds, 842, 343, 345. 
Protein, 342. 

** Substances, 341. 
Protocatechoic Acid, 255, 256, 278. 

Aldehyde Methyl Ether, 
255 
'* Dimethyl Ether, 255. 

Protopine, 320. 
Protoplasm, Mnscle-, 845. 
Prnssan, 55. 
Prn^sian Bine, 58. 
Prnssic Acid, D3. 
Pdeudocamene, 266. 291. 

" *' Oxidation products of, 267. 

Bufyl Chlorld<r. 126. ' 
Butylene, 129. 
-Morphine, 320. 
** -Toluidlne, 257. 
" -Uric Acid, 168. 
Ptyalin, 844. 
Purpuric Acid, 168. 
Purpurin, 303. 
Pnrpuroxanthin, 304. 
Pyrene, 305. 
Pyridine, 314. 

Bases, 313. 
" " Isomers of , 815. 

-Carboxylic Acid. 315, 320. 
-Dicarboxylic Acid. 324. 
-Tricarboxylic Acid, 324. 
Pyrocatechine, 212. 
Pyro-compounds, 364. 
" -Gallic Acid, 214, 289. 
•Gallol, 214. 

-Mcllitic Acid, 2T5, 279, 290, 322. 
-Mucic Acid, 316. 

" Aldehyde, 317. 
-Racemic Acid, 93, 116, 117, 136. 
-TarUric Acid, 136, 144, 191. 
-Terebic Acid, 190. 
Pyroxylin, 162. 
Pyrrole, 816. 
Pyrrole-Red, 816. 



Q,UAS9TA-WOOD, 338. 

Quassiin, 838. 
uercetiUj 331. 
tiercetinic Acid, 881. 
uercite. 148. 
uercitrin, 381. 
uinazarin, 804. 
ninhydrol, 214. 
uinic Acid. 825. 
iiinidine, 823, 824. 
uinine, 32.3. 

Acid Sulphate, 823. 

" Hydrochloride, 823. 

" Snlphnte, 323. 

" Tannate, 828. 
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uinine, Valerianate, 828. 

ninol. 212, 213, 289. 

ninohne, 315, 816. 
Quinoline-carboxylic Acid, 324. 
Quinone, 212. 

" Bromine Substitutions of, 214. 
Quinotannic Acid, 825. 



Racemic Acid, 138. 

Rancidity of Fats, 151. 

Reactions, General, of the Chlorides, etc., 
of the Hydrocarbons, 875. 

Reagents, Action of, on Organic Com- 
pounds, 875. 

Reduction of Benzene Derivatives, 276. 

Refining of Fata, 151-. 

Rennet, 846. 

Resins, 811. 

Resorcine. 212. 

Resoipinol, 212, 289. 

-Phthaleln-anhydride, 265. 

Retene, 305. 

Retrospect of Benzene Derivatives, 289. 
*f " Fatty Compounds, 174. 

Rhoeadine, 820. 

Rhoeagenine, 820. 

Ricinelaldic Acid, 150. 

Ricinoleic Acid, 150. 

Rigolene, 180. 

Rigor Mortis. 845. 

Rocellic Acid, 191. 

Rochelle Salts. 137. 

Rosaniiine, 258. 

Rosaniline Hydrate, 2.59. 

Tri-hydrochloride, 258. 

Roman Caraway-Oil, 310. 

Rosemary-Oil, 308. 

Rose-Oil, 809, 311. 

Rosin, 812. 

Rosolic Acid, 260. 

Rue-Oil, 309. 

Ruficoccin, 336. 

Rufigallic Acid, 304. 

Rufiopin, 304. 



Saccharic Acid, 147, 148, 158. 
Saccharose, 157. 
Safflor, 335. 
Sage-Oil, 309. 
Saleritin, 330. 
Salicin, 253, 830. 
Salicyl Alcohol, 250. 
" -Aldehyde, 250. 
** -Amide, 258. 
*' Anhydride, 258. 
" -Imide, 253. 
Salicylic Acid, 243, 252, 272. 

** " Bromine Substitutions of, 

253. 
** *• Chlorine Substitutions of, 

253 
" " Iodine Substitutions of , 258. 

" Methyl Ester, 258. 
Salicylous Acid, 251. 

Alcohol. 251. 
Aldehyde, 251. 
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BalfgenliifSSO, 8S1. 
Haliretin, 861. 
BalU, 88. 

" Organic, 82. 
Sandal-Wood, 83S. 
Bantalln, 885. 
Bantonin, 887. 
Baponlilcation, 149. 
Baponln, 882. 
Barcine, 170. 
Barcolactic Acid, 118. 
BariiapariUa, 889. 
Baturated Compoanda, 18. 

" Uydrocarboua, Formation from 
Unsaturated do., 178. 
Bavin-Oil, 806. 
B«bacic Acid, 191. 
Becondary Alcohols, 112, 129. 

Batyl Alcohol, 127, 129, 180, 182. 
" Carbinol, 142. 
" Chloride, 126. 
" Iodide, 127. 
Hexyl Iodide. 147. 
Octyl Alcohol, 148. 
Berom-AIbumln, 848. 
Bhellac, 812. 
Bide-Chain, 902, 229, 280. 

*' '* Oxidation of, 281, 865. 
Bilico-acetic Acid, 70. 
Bilk-Fibrin, 890. 
Bilver Cyanide, 66. 
" Fulminate, 67. 
*' Oxalate, 99. 
Slnapine, 104. 828. 
Binapoline, 124. 
Bmilacin, 880. 
Soaps, 161. 
Sodium Acetate, 89. 

Aceto-acotic Ester, 91. 
AUoxide, 122. 

Ethylaceio-acetic Ester, 92. 
Formate, 84. 
Hydroxide, Action of on Oiganlc 

Compounds, 879. 
Methoxide, 27. 
Nitromethane, 66. 
Nitropmsslde, 58. 
Potassium Tartrate, 187. 
Salicylate, 252. 
Santonate, 887. 
Solanidine, 829. 
Solaniue, 829. 
Sorbin, 168. 
Spanish Flics, 888. 
Sparteine, 820. 
Spermaceti, 160. 
Spirit of Niter, 88. 
" " Wine, 80. 
Spoonwort-Oil, 309, 811. 
Starch, 159. 

Arrow-Root, 160. 
Mnixo, 15{). 
Nitric Ester, 160, 162. 
Potato-, 160. 
Wheat-, 160. 
Stearic Acid, 149, 188. 
Stearin, 118, 160, 151. 
Candlefii, 149. 
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Stilbene, 239, 301. 
Storax, 312. 

Balsam, 269. 
Stiychninc, 885. 

Nitrate, 
Btyphnic Acid. 212. 
Styracin, 269, 272. 813. 
Styrene, 312. 
Styrol, 271. 
Btyrolene, 271. 

" Addition-ProductB with Brom- 
ine, 271. 
Styiylic Chloride, 269. 
tSnberic Acid, 191. 
Substitution, 6. 

" Laws in Belation to Organic 

Acids, 32. 
" Betrogreesive, 18. 

Succinamide, 133. 
Succinic Acid, 133, 191, 278. 

" Anhydride, 134. 
Succinimide, 134. 
Succinyl Chloride. 133. 
Sncrovanillic Acid, 330. 
Sugar, Inverted, 158. 
^* of Lead, 89. 
»* Rellningof,157. 
Sulphides, Oxidation of to Snlphones, 

Sulphines, 103. 
Sulpho-Benzamic Acid, 246. 
" -Benzamide, 246. 
-Benzide, 207. 
-Benzoic Acid, 246. 
-Benzoyl Chloride, 246. 

*' Bichloride, 246. 
-Carbamic Acid, 51. 
-Carbamide, 52. 
-Carbaminic Acid, 51. 
-Carbanilamide, 219. 
-Carbanile. 220, 221, 222. 
-Carbanilide, 219, 221. 
-Carbonic Acid, 219. 
-Carbonyl Chloride, 38. 
-Cyanates, 22, 195. 
-Cyanic Acid. 64. 
-Purpuric Acid, 280. « 

-Substitutions of Ethane, lOl. 
-Substitutions of Methane, 36. 
Sulphones, Derivation by Oxidation of Sul- 
phides, 102. 
Smphonlc Acids, 195. 

by Oxidation of Hercap- 

tans, 102. 
Difference between and 
Sulphurous Esters, 199. 
Distinction from Sul- 
phurous Esters, 366. 
Formation of, 195. 
Reduction of, 207. 
Sulphur, Estimation, 2, 357. 

" Tetra- Valence of, 108. 
Sulphuric Acid, Action of on Organic Com- 
pounds, 377. 
Sulphuric Ether, 8.3. 
Sulphurous Acids, 39. ■ 

Compounds with Alde- 
hyde and Ammonia,82. 
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Bnlphmons Ester, 199. 

** ^tcrs. Difference between and 

Salphonic Acids, 199. 
Snlphnryl, 21. 
Sylvic Acid, 312. 

Symmetrical Substitutions of Benzene, 209. 
Synaptase, 156. 
Synthesis, 867. 



Tallow, 150. 
Tannic Acids, 255, 256. 
Tannin, 266. 
Tanning, 256. 
Tansy-Oil, S09. 
Tartar, Cream of, 137. 

" Emetic, 137. 
Tartaric Acid, 133, 136, 191, 278. 
»' " Inactive, 137. 

" " Anhydride, 136. 

Tartrelic Acid, 136. 
Tartronvl-Urea, 167. 
Tartrophthalic Acid, 878. 
Tatronic Acid, 120. 
Tanrine, 82, 840. 
Taarocholic Acid, 889, 840. 
Terebic Acid, 810. 
Terephthalic Acid, 264. 290. 
Terpenes, 179. 
Terpene Dibromide, 80, 810. 

** Dihydrochloride, 809, 810. 
** Monohydrochloride, 810. 
Terpin, 310. 

Tertiary Butyl Alcohol, 129. 
Butyl Chloride, 127. 
** Butyl Iodide, 127. 
Tetra-Brom-Benzene, 205. 

" " -Fluorescein, 265. 

" •* -Naphthalene, 295. 

" Chlor-Acetone. 111. 

»* *• -Benzene, 205. 

" " -Benzyl Chloride. 232. 

*♦ " -Benzyl Dichloride, 232. 
" -Ether, 84. 

»* " -Ethylene, 79. 

" *' -Methane, 20. 

" " -Naphthalene, 205. 

" *' -Qumone, 213. 

** " -Phenylchloroform, 282. 

" " -Toluene, 832. 

** -Ethylammoninm Hydroxide, 104. 

** " -Ammonium Iodide, 104. 

" " -Phosphoninm Hydroxide, 69. 

tt .44 .Urea 51 

" Hydrophthalic Acid, 278. 

" Methyiammonium Iodide, 47. 

" " -Ammonium Hydroxide, 47, 71. 

** " -Arsoninm Iodide, 70. 

" ** -Benzene, 830, 274. 

*' ** -Phosphonium Iodide, 69. 

" " -Pyridine, 314. 

«« " Silicium, 72. 

" " -Stibonium Hydroxide, 71. 

" " -Stibonium Iodide, 71. 

" Nitro-Chrysazin, 837. 

" '♦ -Methane, 67. 

" •• -Napthalene, 296. 

" -Phenol, 817. 



Tetrol, 817. 
Thebaine, 320. 
Thebenine, 320. 
Theobromine, 171. 
Thiacetic Acid, 106. 

Anhydride, 108L 
Thialdine. 84. 
Thio-Acids^ 189. 
Thiosinamme, 184. 
Thiurea. 52. 
Thyme-Oil, 309, 811. 
Thymol, 276. 
Tiglic Acid, 144,190. 
Tin Tetramethyl, 72. 
Titration, 89. 
Tolu, Balsam of, 270. 
Toluene, 229. 231. 238, 279, 891. 
" Amido-Derivatiyes of, 867. 
" Dihydroxyl Derivatives, of, 240. 
" Substitutions of, 829. 
Tolnic Acid, 862. 
Toluidines, 217, 257. 
Toluol, 281. 
Tolyl Alcohol, 261. 
Trehala, 159. 
Trehalose, 159. 
Tri-Acetamide, 94. 
" -Acetln, 118. 
" -Amido-Azobenzene, 226. 
" -Amidobenzene, 228. 
" -Amidonapthalene, 299. 
" -Amidophenol, 210, 227. 
" -Amidotriphenylmethane, 288. 
*' -Amylamine, 193. 
*' -Benzylamine. 247. 
" -Benzylphospnine, 847. 
" -BromanisoTl, 210. 
" »' -Benzene, 205. 
" *• -Hydrin, 122. 
" " -Methane, 19. 
" " -Naphthalene, 295. 
»• -Carballvfic Acid, 122. 
" -Chlorphenose, 277. 
" " -Acetic Acid, 88. 
** -Acetone. 111. 
" -Aldehyde, 87. 
'* -Benzene, 205. 

-Benzyl Chloride, 382. 
-Benzyl Dichloride, 282. 
-Cyan, 60. 

-Dracylic Acid, 284. 
-Ethane, 77. . 

-Ethylene, 79. 
-Hydrin, 119, 120, 122. 
•* -Methane, la 
'* " -Naphthalene, 295. 
" -Phenol, 209. 
" -Phenylchloroform, 332. 
'* -Quinone, 213. 
-Toluene, 232, 284. 
-Toluene Quinone, 260. 
-Toluquinol, 250. 
Bthylamine, 104, 192. 
" -Arsine, 105. 
" -Carbinol, 188. 
-Glycerol, 118. 
-Phosphine, 105. 
-Phosphinic Add, 106. 
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Tri-Ethyl-Stibine, 105. 

«' Sulphiu Iodide, lOe. 
" -Urea, 61. 
Ethylene-Diamine, 104. 

'* -Glycol, 96. 
Hydroxynaphthalcne, 298. 
Idomethane, 19. 
Mellitic Acid, 268, 290. 
Mesic Acid. 268. 
Mesinic Acid, 290. 
Methyl- Acetic Acid, 144. 
" -Amine, 46, 192. 
-Arsine, lO. 
-Benzenes, 290, 233, 266, 267, 279, 

291. 
-Benzenes, Acids derived by oxi- 
dation of, 267. 
-Bismuthine, 71. 
-Borine, 72. 
Carbinol, 129, 182. 
-lodocthylammoiiinm Iodide, 

105. 
-Ozethylammoniam Chloride, 

104. 
-Oxcthylammonium Hydroxide, 

104. 
-Phosphine, 68. 
-Phosphinic Acid, 68. 
-Pyridine, 314. 
-Stibine, 71. 
-Stlbine Iodide, 71. 
-Xanthine, 171. 
-Nitrin, 119. 
-Nitro-Anisoll, 210. 
" -Benzoic Acid, 244. 
" -Creeotlc Acid, 336. 
*' -Napthalene, 296, 299. 
" -Phenol. 209, 227. 
" -Resorcinol, 212. 
-Phenyl-Amine, 222. 
" • -Guanidine, 221. 
" -Methane, 233, 266. 
" -Itosaniline,259,260. 
-Sulpho-Carbonic Acids, 37. 

" -Carbonic Methyl Ether, 47. 
Tropic Acid, 826. 
Tropine, 326. 
Tumeric, 836. 
Tunicln, 162. 
Tarkey-Red Dyeing, 808. 
Tnmbttirs Bine, 58. 
Turpentine, 309. 
Tnrpentine-Oil, 808, 309. 
Tyrosine, 342. 



Umbellifbbok, 273. 
Unsatisfied Compounds, 13. 
Unsaturated Compounds, 121. 
Hydrocarbons, 177. 

Formation of, 177. 
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Polymerization of, 178. 
Union with Halogens, 

178. 
Union with Halogen- 

Hydric Acids, 178. 
Union with Sulphuric 

Acid, 178. 
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Urea, 49. 

Decompositions of, 60. 

Hydrocnloride, 49. 

and Mercuric Oxide, 49. 

Nitrate, 49. 

and Sodium Chloride, 50. 

Substituted, How Produced, 51. 
Uric Acid, 125, 164. 
" " Constitution of, 167. 
" " . Derivatives of, 164. 

" Test for, 166. 
Uroxanic Acid, 165. 
Usnic Acid, 334. 
Uvitic Acid, 268. 



VALERAiiDEHYDE, Fermentation, 186. 

Normal, 142, 186. 
" Ordinary, 142. 

Valerene, 310. 
Valerianic Acid, 143, 310. 

V " Normal, 187, 190. 

" " Ordinary, 143. 

" Ester, 810. 
Valerian-Oil, 809, 810. 
Valerian-Root, 143. 
Valeronitrile, 194. 
Valylene, 179. 
Vanillin, 255. 

Vapor-Density, Estimation of, 848. 
Vegetable Albumin, 343, 848. 
Fibrin, 348. 

" Life, 850. 

" Mucus, 162. 

Veratric Acid, 255. 
Veratrine, 827. 
Verdigris, 90. 

Distilled, 90. 
Vinegar, 88. 
Violuric Acid, 68. 
Vitellin, 343, 347. 
Vulcanite, 313. 
Vulcanized Caoutchouc, 313. 
Vulpinic Acid, 335. 
Volumetric Analysis, 89. 
Volume-Weight, Estimation of, 868. 



IVHEAT-Starch, 160. 
Wintergreen-Oil, 252, 253. 
Wood-Spirit, 23. 
Wormwood-Oil, 809, 311. 



Xanthic Acid, 38. 
Xanthine, 170. 
Xylene, 261, 279, 291. 

" Acids derived from, 261. 

Amido-Derivatives of, 264. 

Phenols,261. 

Chlor-, jBrt>m-. and lodo-Deriva- 
tivesof, 261. 
Xylic Acid, 267. 
Xylidic Acid, 267. 
Xylidine, 217. 
Xylidines, 264. 
XyloIdiD, 160. 
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TsAST, 166. 



ZiNO-Acetate, 80. 
** •Beii2eneeiilphiiiate« 207. 
** Effect of Water on Organic Com- 
poondtf of, 175. 



Zinc Etliyl, 105, 196. 

" Lactate, 116. 

»' Methyl, 195. 

" Methyl Iodide, 72. 

** Phenolsalphonate, 211. 

" Propylglycollate, 116. 

" Valerianate, 143. 
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